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THE  SOLUBILITIES  OF  THE  PHARMACOPCEIAL 
ORGANIC  ACIDS  AND  THEIR  SALTS  « 


By  Atherton  Seidell, 

Chemist,  Division  of  Pharmacology,  Hygienic  Laboratory,  U.  S.  Public  Health  and 

Marine- Hospital  Service. 


INTRODUCTION. 

Among  the  physical  properties  of  the  chemical  compounds  of  the 
Pharmacopoeia  none  have  apparently  received  more  attention  at  the 
hands  of  the  compilers  of  the  book  than  the  solubilities.  The  reasons 
for  this  are  no  doubt  due  to  the  fact  that  such  data  are  known  to  be  of 
practical  value  to  the  pharmacist  on  the  one  hand  and  to  the  physi- 
cian on  the  other.  The  former  uses  the  figures  as  a guide  in  com- 
pounding every  mixture  he  is  called  upon  to  make;  the  latter  must 
take  this  property  into  consideration  in  the  selection  of  many  sub- 
stances he  prescribes  for  particular  purposes.  It  is  to  the  chemist, 
however,  who  is  concerned  with  the  preparation,  purification,  and 
accurate  determination  of  chemical  compounds,  that  solubility  data 
are  of  greatest  importance.  Most  analytical  methods  are  more  or  less 
directly  dependent  upon  some  solubility  relation;  furthermore,  the 
technical  production  of  a large  proportion  of  the  chemicals  and  drugs 
now  in  use  is  made  possible  only  by  means  of  known  solubility 
characteristics. 

The  very  fact  of  the  diversified  uses  which  solubility  data  fulfill 
accounts  for  the  great  variation  in  the  accuracy  of  the  results  reported 
in  the  literature.  One  investigator  may  have  desired  a solvent  for 
a new  compound,  while  another  may  have  been  concerned  with  the 
solubility  of  a precipitate  obtained  in  making  a molecular  weight 
determination.  Probably  very  few  have  worked  under  identical 
conditions,  either  of  purity  of  the  substance  or  of  the  solvent,  of 
equally  exact  temperature  regulation  or  care  in  securing  the  satura- 
tion of  the  solution.  It  is  easy,  then,  to  understand  why  equally 
creditable  reference  books  may  differ  so  widely  in  the  values,  gathered 
from  the  literature,  for  the  solubility  of  the  same  compound. 
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Of  reference  books  for  this  class  of  data,  the  pharmacopceias  of  the 
various  countries  are  particularly  subject  to  differences  in  the  values 
quoted.  This  fact  was  very  forcibly  demonstrated  by  a compilation 
made  by  me  “ some  two  years  ago  of  the  solubilities  and  other 
physical  constants  reported  by  the  latest  pharmacopoeias  and  phar- 
maceutical reference  books.  The  extent  of  the  variations  for  some 
of  the  compounds,  especially  the  inorganic  salts,  was  not  very  great; 
for  many  others,  however,  there  was  no  way  of  deciding  which  of  the 
reported  values  were  nearest  the  truth.  This  was  especially  the  case 
with  the  alkaloids,  and  to  a large  extent  with  the  other  organic  com- 
pounds of  the  pharmacopoeias.  The  matter  was  still  further  com- 
plicated by  the  fact  that  very  concordant  results  were  sometimes 
reported,  although  the  standards  of  temperature,  purity,  etc.,  indi- 
cated that  such  good  agreement  was  not  justified,  thus  showing  that 
the  compilers  of  these  works  of  reference  frequently  borrow  from  one 
another  without  giving  the  information  which  would  enable  the 
reader  to  consult  the  original  source  of  the  data.  These  difficulties 
and  many  others  made  it  impossible  to  gather  from  the  compiled 
solubility  values  the  particular  ones  which  might  be  considered  the 
most  reliable;  in  fact,  the  great  number  of  different  figures  only 
added  to  the  uncertainty  and  made  it  apparent  that  the  publication 
of  the  compilation  could  serve  no  other  purpose  than  to  call  atten- 
tion to  the  need  for  renewed  investigations  of  the  solubilities  of  the 
pharmacopoeial  compounds.  The  original,  intention  of  publishing 
this  compilation  as  a bulletin  from  this  laboratory  was  therefore 
abandoned  in  favor  of  publishing  only  such  values  as  we  might  be 
able  to  determine  with  accuracy  or  select  from  the  chemical  literature 
as  of  undoubted  reliability. 

Although,  as  has  been  pointed  out  above,  the  solubility  data  for 
alkaloids  and  their  salts  are  perhaps  most  in  need  of  careful  revision, 
the  lack  of  a sufficient  amount  of  material  and  of  satisfactory  methods 
for  their  accurate  determination  made  it  advisable  to  leave  this  class 
of  substances  for  a later  study  and  take  up  first  a group  which 
offered  less  difficulties  and  for  which,  after  the  alkaloids,  there 
appeared  most  need  for  careful  investigation.  This  group  is  that  of 
the  organic  acids  and  their  salts,  and  is  composed  of  about  40  com- 
pounds, the  solubilities  of  very  few  of  which,  in  the  solvents  pre- 
scribed by  the  Pharmacopoeia,  have  been  reported  in  recent  chemical 
literature.  For  this  group  of  compounds,  therefore,  original  deter- 
minations were  required  for  practically  every  member. 

In  the  present  bulletin  the  arrangement  is  alphabetical  according 
to  the  names  of  the  acids,  with  the  salts  of  each  immediately  follow- 

«For  a more  complete  description  of  this  compilation,  with  comments,  see  Proc. 
Am.  Pharm.  Assoc.,  56,  473^79,  1907. 
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ing.  The  solubility  of  each  acid  has  been  determined  in  water  and 
aqueous  alcohol  solutions  of  varying  concentrations  and  in  a large 
number  of  the  common  organic  solvents.  For  the  salts,  determina- 
tions only  in  the  water  and  aqueous  alcohol  solutions  are  given. 
Although  the  strength  of  the  alcohol  used  as  the  solvent  when  the 
solubility  in  this  substance  is  mentioned  in  the  Pharmacopoeia  is 
generally  understood  to  be  that  of  the  official  strength,  viz,  92.3  per 
cent  by  weight,  it  is  evident  that  from  a practical  standpoint  the 
solubility  of  substances  in  alcohol  of  slightly  and  also  widely  difl’erent 
strengths  would  be  useful  in  many  cases.  Furthermore,  the  determi- 
nation of  the  solubility  in  alcohols  of  different  strengths  does  not 
require  a very  much  greater  amount  of  work  than  the  determination 
in  only  one  strength,  since  in  the  former  case  the  result  in  each 
solvent  is  as  satisfactory  a check  upon  the  results  found  for  the  other 
strengths  of  alcohol,  when  all  are  plotted  on  cross-section  ]>aper,  as 
would  be  an  equal  number  of  duplicate  determinations  in  alcoholic 
solutions  of  the  same  concentration.  The  results  for  the  whole  series 
of  alcoholic  concentrations  give  curves  which,  by  their  direction, 
whether  horizontal  or  greatly  inclined,  show  the  extent  of  the  inffu- 
ence  of  small  differences  in  alcoholic  concentration  upon  the  solubility 
at  any  given  point.  The  added  value  of  the  results  over  the  deter- 
mination in  alcohol  of  official  strength  only,  seems  therefore,  suffi- 
cient to  warrant  the  expenditure  of  the  additional  time  required. 
There  is  still  another  point  worthy  of  consideration,  and  that  is  the 
possibility  of  learning  more  in  regard  to  the  nature  of  solution  in 
mixed  solvents — whether  it  is  a mechanical  relation  proportional  to 
the  amounts  of  the  two  liquids  present  or  controlled  by  some  other 
factor  not  as  yet  known. 

The  results  are  given  in  the  tables  in  all  cases  in  the  terms  in 
which  solubility  data  are  usually  expressed  in  the  chemical  literature, 
and  in  addition  the  equivalent  values  are  expressed  as  customarily 
found  in  the  pharmaceutical  literature,  viz,  the  amount  of  solvent 
required  to  dissolve  a unit  amount  of  the  dissolved  substance. 
Although  this  latter  mode  of  expressing  solubility  results  has  been 
used  for  many  years  by  pharmacists,  it  is  unscientific  and  not  even 
as  useful  for  practical  purposes  as  the  percentage  basis  adopted  by 
chemists.  As  an  illustration,  pharmacists  are  usually  called  upon  to 
compound  their  mixtures  in  certain  definite  amounts,  and  therefore 
the  quantity  of  the  dissolved  substance  which  will  be  contained  by 
the  given  volume  of  the  solution  is  certainly  of  more  practical  inter- 
est to  them  than  the  knowledge  of  the  amount  of  the  solvent  required 
for  one  part  of  the  given  substance.  It  would  therefore  appear  of 
considerable  advantage  to  pharmacists  to  abandon  their  antiquated 
mode  of  expressing  solubility  results  and  adopt  the  more  rational 
percentage  or  unit  of  solvent  basis  in  their  pharmacopoeias  and 
pharmaceutical  reference  books. 
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EXPERIMENTAL  METHODS. 

In  all  cases  attempts  were  made  to  purify  the  material  used  for 
the  solubility  determinations  at  least  to  the  extent  required  b}?"  the 
purity  rubric  of  the  Pharmacopoeia.  In  a very  few  cases  this  could 
not  be  done  with  certainty,  but  in  the  others  was  accomplished  suc- 
cessfully. The  samples  were  analyzed  quantitatively  and  the  results 
reported  in  connection  with  the  solubility  determinations  in  most 
cases.  It  is  believed  that  in  those  cases  where  the  presence  of  cer- 
tain very  small  amounts  of  unknown  impurities  were  indicated  by 
the  analyses  they  were  not  sufficient  to  exert  an  appreciable  effect 
upon  the  solubilit}''  values  reported.  This  is  concluded  from  the 
observation  that  in  several  instances  determinations  made  upon 
samples  containing  considerable  more  impurity  than  shown  by  the 
analyses  of  the  majority  of  the  following  compounds  did  not  differ 
appreciably  from  the  results  obtained  with  the  material  of  the  highest 
purity. 

All  of  the  solubility  determinations,  except  those  for  the  liquid 
compounds,  ethyl  acetate,  methyl  salicylate,  and  oleic  acid,  were 
made  under  strictly  identical  conditions.  A constant  temperature 
water  bath,  regulated  to  within  + 0.05°  of  25°  C.,  was  used.  The 
saturated  solutions  were  prepared  by  mixing  the  solvent  and  the 
salt  in  thick-walled  test  tubes  of  about  15  to  20  cubic  centimeters 
capacity,  closed  with  well-washed  rubber  stoppers.  Glass-stoppered 
cylinders  were  used  for  the  determinations  made  in  organic  solvents. 
The  test  tubes  or  cylinders,  as  the  case  might  be,  were  attached  to 
a rotating  frame  immersed  in  the  water  bath  and  revolved  upon 
the  axis  parallel  to  the  diameter  of  the  test  tube  at  a rate  of  about 
six  revolutions  per  minute.  Equilibrium  was  assured  in  most  cases 
by  analyzing  solutions  which  had  been  agitated  for  different  lengths 
of  time.  In  those  cases  where  only  one  series  of  determinations  was 
. made  the  time  of  shaking  was  continued  long  enough  to  insure 
complete  saturation.  Care  was  taken  that  a sufficient  excess  of  salt 
was  in  contact  with  every  solution  at  the  saturation  point. 

The  time  allowed  in  the  present  experiments  for  obtaining  satu- 
rated solutions  is  not  necessarily  an  indication  of  the  time  that  is 
actually  necessary.  It  is  very  probable  that  the  saturation  point 
could  be  reached  in  very  much  shorter  time  than  indicated  in  most 
of  the  following  experiments,  but  since  the  object  was  to  ascertain 
the  true  solubility  in  the  several  cases  care  was  taken  that  sufficient 
time  for  obtaining  the  maximum  solubility  should  be  allowed  in 
every  case. 

A sufficient  quantity  of  each  of  the  aqueous  alcohohe  solutions  for 
all  of  the  experiments  was  prepared  at  the  beginning  and  the  specific 
gravities  of  these  solutions  carefully  determined  by  the  pycnometer 
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method.  These  determinations  were  made  upon  the  solutions 
cooled  to  15°,  and  the  weight  per  cents  of  absolute  alcohol  (C2II5OII) 
corresponding  to  each  was  read  from  the  U.  S.  Pharmacopoeia  alcohol 
table. 

The  general  plan  of  analyzing  the  saturated  solutions  was  as 
follows:  At  the  end  of  the  period  of  rotation  the  tubes  were  placed 
in  an  upright  position  in  the  bath  until  the  undissolved  salt  had 
settled  to  the  bottom.  Each  tube  was  then  removed  to  the  labo- 
ratory table  in  a beaker  filled  with  the  water  of  the  constant  tem- 
perature bath,  and  immediately  thereafter  the  supernatant  clear 
liquid  was  siphoned  directly  into  a 10-cubic  centimeter  pycnometer 
with  the  aid  of  a suction  pump.  The  suction  siphon  used  for  this 
purpose  consisted  of  a closed  glass  cylinder  just  large  enough  to 
contain  the  pycnometer.  The  siphon  tube  passed  through  the  stop- 
per of  this  cylinder  directly  into  the  mouth  of  the  pycnometer. 
Another  glass  tube  through  the  stopper  served  to  connect  the  appa- 
ratus with  the  suction  pump.  In  those  cases  where  there  was  sus- 
pended matter  remaining  in  the  saturated  solution  a small  tube 
containing  a plug  of  cotton  or  of  glass  wool  in  the  case  of  organic  sol- 
vents was  attached  to  the  end  of  the  syphon  which  was  introduced  into 
the  saturated  solution.  After  filling,  the  pycnometer  was  weighed 
and,  in  the  case  of  salts  Avhich  could  be  dried  without  decomposition, 
the  saturated  solution  was  transferred  to  a weighing  bottle,  evapo- 
rated to  dryness,  and  the  residue  weighed.  With  the  organic  acids 
which  could  be  titrated,  or  with  the  salts  which  decomposed  on  dry- 
ing, the  saturated  solutions  were  transferred  to  graduated  flasks  and 
aliquot  portions  analyzed  in  the  most  convenient  manner. 

The  results  in  all  cases  were  calculated  to  the  grams  of  salt  dis- 
solved in  100  grams  of  the  saturated  solution.  The  figures  were 
plotted  as  the  abscissee  and  the  weight  per  cents  of  alcohol  in  the 
several  solvents  as  the  ordinates  on  cross-section  paper.  The  curve 
drawn  through  the  several  points  represents  the  solubilit}^  of  the 
particular  salt  in  the  aqueous  alcoholic  solutions  of  increasing  con- 
tent of  alcohol.  From  this  curve  the  figures  corresponding  to  regular 
intervals  of  alcoholic  strength  of  the  solvent  were  read. 

The  specific  gravities  are  in  all  cases  the  weight  of  a given  volume 
of  the  saturated  solution  or  of  the  alcoholic  solvent  divided  by  the 
weight  of  an  equal  volume  of  water  at  the  same  temperature,  i.  e., 
d||,  or  for  the  alcoholic  solvents,  dl|. 

ACETIC  ACID  AND  THE  ACETATES. 

The  solubility  of  acetic  acid. — Although  this  acid  mixes  with  water, 
alcohol,  and  the  ordinary  organic  solvents  in  all  proportions,  numer- 
ous experiments  have  shown  that  when  a given  quantity  is  added 
to  a mixture  of  equal  volumes  of  water  and  an  immiscible  solvent 
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there  is  a distribution  between  the  two  layers  which  varies  consid- 
erably with  the  nature  of  the  immiscible  solvent.  To  illustrate  the 
differences  more  clearly,  the  following  table  (No.  I)  has  been  com- 
piled from  the  available  results.  In  this  table  the  organic  solvents 
have  been  arranged  in  the  descending  order  of  their  power  of  with- 
drawing acetic  acid  from  its  aqueous  solution.  It  will  be  seen  that 
amyl  alcohol  exerts  by  far  the  strongest  solvent  action,  chloroform 
comes  next,  with  less  than  one-sixth  the  strength,  and  then  follow 
bromoform,  benzene,  toluene,  the  xylenes,  carbon  tetrachloride,  and 
carbon  bisulphide  in  a gradually  descending  scale  of  efficiency  as 
solvents  for  acetic  acid.  A comparison  of  these  results  with  those 
for  the  other  pharmacopoeial  acids  in  some  of  the  above  solvents 
show  that  the  general  order  of  their  solvent  action  is  nearl}’’  the 
same  for  the  whole  series  of  acids. 


Table  No.  I. — Distribution  of  acetic  acid  between  water  and  several  immiscible  organic 

solvents  at  25° . 


[Compiled  from  the  results  of  Herz  and  Fischer,  Ber.  87,  4747,  1904;  88,  1140,  190.5;  Herz  and  Lewey,  Z. 
electro.  Chem.,  11,  818,  1905,  and  Rothmund  and  Wilsmore,  Z.  physik.  Chem.,  40,  623,  1902.] 


CHs 
COOH 
per  100 
c.  c.  HjO 
layer. 

CH3COOH  per  100  c.  c.  of  the  immiscible  layer. 

Amyl 

alcohol. 

CHCI3. 

CHBr3. 

CeHs. 

CeHsCHa. 

CeH^ 

(CHs)2 
(o)or  (p). 

CeH, 

(CH3)2 

(m). 

ecu. 

CSj. 

Grams. 

2 

5 

10 

20 

30 

40 

50 

60 

70 

80 

Grams. 
1.847 
4.587 
a 9. 100 

Grams. 
0.089 
0. 450 
1.430 
5. 100 
10.200 
15.300 
21.900 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

Grams. 

i.5 

3.0 

4.8 

7.8 
12.0 
27.0 

0.13 
0. 42 
1.55 
3.03 
4.95 

0. 12 
0.33 
1.13 
2.26 
3.73 
5.  84 
8.  34 

0. 24 
0.  48 
1. 13 
2. 15 
3.40 
5. 10 
7.27 
12.52 

0.06 
0. 30 
0. 95 
1.91 
3.04 

4.65 

6.65 

1.8 

3.0 

4.8 

6.8 
12.0 

2.3 
3.0 

5.4 

o Estimated. 


The  solubility  of  ethyl  acetate  in  aqueous  alcohol  solutions. — The  U.  S. 
Pharmacopoeia  description  of  this  product  specifies  that  it  consist  of 
about  90  per  cent  by  weight  of  ethyl  acetate  and  10  per  cent  of 
alcohol  containing  aTittle  water.  Since,  however,  the  alcohol  which 
a given  sample  of  the  compound  may  contain  is  wholly  soluble  in 
water,  it  follows  that  the  saturation  of  the  solution  is  due  only  to  the 
ethyl  acetate  present.  For  the  purpose  of  the  determination  of  the 
solubility  of  the  pharmacopoeial  acetate  it  is  therefore  evident  that 
the  object  will  be  more  satisfactorily  attained  by  the  investigation  of 
the  solubility  of  the  pure  compound  in  aqueous  alcohol  solutions  of 
increasing  concentration.  Studies  of  this  character  were  made  some 
years  ago  by  Bancroft  “ in  the  manner  that  ethyl  acetate  was  grad- 


« Phys.  Review,  3,  122,  131,  1895-96. 
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ually  added  to  mixtures  of  known  volumes  of  alcohol  and  water 
until  an  opalescence  was  observed.  The  experiments  were  made  at 
20°.  Furthermore,  the  water  and  ethyl  acetate  used  were  each  pre- 
viously saturated  with  the  other.  It  would  therefore  be  necessary 
to  apply  a calculated  correction  factor  to  the  results  in  order  to  bring 
them  to  the  terms  desired  for  the  present  purposes.  In  view  of  the 
possible  uncertainty  which  might  arise  through  such  calculations  it 
appeared  more  desirable  to  make  new  determinations  upon  materials 
of  highest  purity. 

The  ethyl  acetate  used  was  prepared  from  the  Kahlbaum  product 
by  allowing  it  to  stand  over  calcium  chloride  for  a day,  filtering,  and 
distilling.  That  part  of  the  liquid,  amounting  to  nearly  one-half  of 
the  whole,  which  distilled  between  75°  and  76°  (corrected)  was  reserved 
for  the  solubility  determinations.  The  specific  gravity  of  this  frac- 
tion was  0.8984  at  15°,  0.8948  at  20°,  and  0.8915  at  25°.  The  aque- 
ous alcohol  solutions  were  those  prepared,  as  already  mentioned 
(p.  10),  for  the  solubility  determinations  of  all  the  compounds  de- 
scribed in  this  bulletin.  The  method  used  in  the  present  case  was 
as  follows;  The  accurately  measured  portions  of  the  aqueous  alcohol 
solutions  were  placed  in  small  Erlenmeyer  flasks  and  brought  to  as 
near  25°  as  possible;  a burette  was  filled  with  the  purified  ethyl  ace- 
tate, which  had  been  allowed  to  remain  in  the  constant  temperature 
bath  at  25°  for  an  hour  or  longer.  The  temperature  of  the  room 
at  the  time  the  determinations  were  made  was  22°  to  24°.  The  ethyl 
acetate  was  added  very  gradually  to  the  aqueous  alcohol  and  the  solu- 
tion shaken  between  each  addition.  -The  saturation  point  was  indi- 
cated by  the  appearance  of  a distinct  opalescence,  less  than  0.05 
cubic  centimeter  being  sufficient  to  cause  the  change  from  clear  to 
cloudy  condition  in  most  cases.  Satisfactory  concordance  in  dupli- 
cate determinations  was  obtained.  The  flasks  containing  the  slightly 
opalescent  saturated  solutions  were  suspended  in  the  constant  tem- 
perature hath  for  an  hour  or  longer,  after  which  time  the  specific 
gravities  of  the  solutions  were  determinefl  by  the  pycnometer  method. 
The  results  of  the  determinations  are  given  in  Table  No.  II  and  show 
that  ethyl  acetate  is  completely  miscible  with  aqueous  alcohol  solu- 
tions of  about  40  weight  per  cent  or  more  concentration.  The  curve 
for  this  compound  in  Plate  No.  I shows  that  the  solubility  increases 
gradually  at  first  and  then  very  rapidly,  with  increase  of  alcoholic 
strength  of  the  solvent. 
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Table  No.  II. — The  solubility  of  ethyl  acetate  in  aqueous  alcohol  solutions  at  25°  C. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 

CH3COOC2H5 
per  100  c.  c. 
solvent. 

CH3COOC2H5 

Specific  gravity 
at  15°. 

Per  cent  by 
weight  of 
C2H5OH. 

ity  of  satu- 
rated solu- 
tion at  25°. 

per  100  grams 
saturated 
solution. 

Dist.  II2O 

0.0 

0. 9993 

c.  c. 

9.6 

Grams. 

7.90 

0. 9850 

8.9 

0. 9897 

11.8 

9.  04 

0. 9752 

17.0 

0.9090 

17.0 

13.  45 

0. 9028 

20.4 

0. 9414 

49.0 

31.19 

0. 9545 

32.0 

0.9208 

80.1 

44.58 

0. 9359 

41.7 

cx> 

00 

CALCULATED  RESULTS. 

The  above  results  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  figures  were  obtained : 


CHiCOOCjIIi 

Per  cent  by 
weight  of 

Specific  grav- 
ity of  satu- 

CII3COOC2HJ 
per  100  c.  c. 
solvent. 

per  100  grams. 

Solvent 
to  dissolve 

CjHiOH  in 
solvent. 

rated  solu- 
tion at  25°. 

Saturated 

solution. 

Solvent. 

1 gram  CH3 
COOC2H3. 

c.  c. 

Grams. 

Grams. 

Grams. 

0 

0. 999 

10.0 

7.9 

8.6 

11.10 

5 

0. 993 

10.5 

8.7 

9.5 

10.50 

10 

0.980 

12.0 

9.8 

10.9 

9. 20 

15 

0. 974 

15.0 

11.7 

13.3 

7.  50 

20 

0.960 

27.0 

16.4 

19.0 

5. 10 

25 

0.945 

44.0 

27.0 

37.0 

2.70 

30 

0.931 

70.0 

40.0 

60.7 

1.50 

35 

0. 918 

125.0 

57.0 

132.5 

0. 75 

40 

00 

00 

00 

Since  the  effect  of  the  alcohol  upon  the  solubility  of  the  acetate  is 
gradual  at  first,  it  follows  that  the  solubility  of  the  pharmacopoeial 
product  containing  approximately  10  per  cent  alcohol  is  not  very 
different  from  the  value  shown  above  for  the  pure  compound.  Thus 
if  pharmacopoeial  ethyl  acetate  containing  10  per  cent  alcohol  be 
added  to  100  grams  of  pure  water  the  necessary  amount  to  form  a 
saturated  solution  would  carry  with  it  only  enough  alcohol  to  make 
an  approximately  1 per  cent  aqueous  alcoholic  solvent;  therefore  the 
amount  of  the  pharmacopoeial  acetate  required  would  be  only  about 
one-tenth  more  than  the  quantity  of  the  pure  compound  indicated 
in  the  above  table — i.  e.,  8.6  4-0.86  grams  = 9.66  per  100  grams  water 
or  10.3  weight  parts  of  water  per  1 part  of  pharmacopoeial  ethyl 
acetate.  This  figure  is  somewhat  higher  than  that  quoted  by  the 
present  Pharmacopoeia,  viz,  9.0  parts  water  per  1 part  acetate. 

Th  e soluhility  of  ethyl  acetate  in  water  a t different  temperatures. Two 

determinations  of  the  solubility  of  ethyl  acetate  in  water  at  20°  and 
28°  are  reported  in  the  literature  respectively  by  Bancroft®  and 


“ Loc.  cit. 
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Euler.®  The  results  in  terms  of  grams  of  ethyl  acetate  per  100  cubic 
centimeters  of  water  are,  at  20°,  8.25  grams,  and  at  28°,  7.26  grams. 
Since  these  figures  indicate  that  this  compound  shows  the  rather 
unusual  property  of  a decreasing  solubility  with  increase  of  tempera- 
ture, and  also  since  my  value  for  25°  did  not  fall  between  these 
two  for  a higher  and  lower  temperature,  it  appeared  desirable  to 
investigate  the  solubility  of  this  compound  in  water  over  a range  of 
temperature. 

The  determinations  were  made  by  titrating  to  appearance  of 
opalescence  50  cubic  centimeter  portions  of  distilled  water,  of  approxi- 
mately the  desired  temperature,  with  the  purified  ethyl  acetate 
described  above  and  noting  the  exact  temperature  of  the  mixture 
immediately  after  the  saturation  point  was  reached.  The  actual 
readings  were  made  between  10°  and  40°,  but  the  regularity  of  the 
curve  permitted  the  extention  of  the  values  beyond  this  range  as 
shown  in  the  accompanying  table.  No.  III. 

Table  No.  III. — The  solubility  of  ethyl  acetate  in  water  at  temperatures  between  0°  and 

55°  C. 


Tempera- 

ture. 

CH3C00C2H0 
per  100  c.  e. 
HjO. 

CII,,COOCiiHi 
per  100  grams 
H2O. 

CH.2COOC2H0 
per  100  grams 
saturated 
solution. 

”C. 

c.  c. 

Grams. 

Grams. 

0 

13. 20 

11.8 

10.53 

5 

12. 10 

10.8 

9.  74 

10 

11.30 

10.1 

9. 15 

15 

10.  70 

9.5 

8.71 

20 

10.10 

9.0 

8. 27 

25 

9.  GO 

8.6 

7.90 

30 

9. 20 

8.2 

7.61 

35 

8.90 

7.9 

7.  .39 

40 

8.fK) 

7.7 

7.17 

45 

8. 35 

7.4 

7.00 

50 

8.10 

7.2 

6. 81 

55 

7. 94 

7. 1 

6. 70 

In  addition  to  the  above  determinations  of  the  solubility  of  ethyl 
acetate  in  water  and  alcohol  solutions,  one  determination  was  made 
of  the  solubility  of  water  in  ethyl  acetate  giving  the  following  results: 

Cubic  centimeters  of  IlaO  per  100  cubic  centimeters  CH3COOC2H5  at  25°=4.8. 

Grams  of  H2O  per  100  grams  CH3COOC2H5  at  25° =5.38. 

Specific  gravity  of  saturated  solution  at  25°  =0.9059. 

The  soluhility  of  lead  acetate  in  aqueous  alcohol  solutions. — Since  no 
quantitative  method  is  prescribed  by  the  pharmacopoeia  for  the 
determination  of  the  purity  of  lead  acetate,  the  following  plan,  based 
upon  the  insolubility  of  lead  sulphate,  was  used.  A weighed  amount 
of  0.5  to  1.0  gram  of  the  sample  is  dissolved  in  about  50  cubic  centi- 
meters of  distilled  water  and  dilute  IIjvSO,  added  to  the  cloudy  solu- 
tion until  no  further  precipitation  occurs.  The  flocculent  white 
precipitate  is  filtered  on  a weighed  Gooch  crucible,  washed  with  a 
little  water,  and  finally  with  a few  cubic  centimeters  of  alcohol,  dried 


“ Z.  physik.  Chem.,  31,  360,  1899, 
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in  an  oven  at  about  150°,  and  weighed  as  PbS04.  The  solubility  of 
lead  sulphate  in  water  is  stated  to  be  0.041  gram  per  liter,  and 
therefore  in  case  the  filtrate  and  washings  in  the  determination  as 
above  outlined  amount  to  100  cubic  centiriieters  the  error,  when  a 
0.5  gram  sample  is  employed,  may  amount  to  1 per  cent.  It  is 
probable,  however,  that  the  excess  of  sulphuric  acid  used  for  the 
precipitation  would  lower  this  error  somewhat. 

A number  of  commercial  samples  of  lead  acetate  examined  in  this 
laboratory  by  the  above  method  gave  results  showing,  when  calcu- 
lated to  PbCCallaOjfz  + SlIaO,  a variation  between  101.6  and  106.1 
])er  cent.  The  pharmacopoeial  requirement  of  99.5  per  cent 
PbCCoHaOala  + SlIaO  appears,  therefore,  to  be  practically  unattain- 
able. None  of  the  samples  gave  a clear  solution  with  recently  boiled 
distilled  water,  as  required  by  the  pharmacopoeia.  Each  of  them 
smelled  strongly  of  acetic  acid,  and  as  far  as  could  be  judged  differed 
only  in  tlie  extent  to  which  the  volatilization  of  this  constituent  had 
proceeded.  It  would  be  interesting  to  determine  the  vapor  pressure 
conditions  under  which  a compound  of  the  theoretical  composition 
exists,  but  for  the  purpose  of  the  present  solubility  determinations 
such  a study  does  not  appear  of  particular  importance. 

The  sample  of  lead  acetate  used  for  the  following  experiments  was 
the  one  which  contained  upon  analysis  the  amount  of  lead  (57.9  per 
cent)  corresponding  to  106.1  per  cent  Pb(C2H302)2  4- SlljO.  In 
appearance  it  differed  from  the  one  containing  101.6  per  cent  of  the 
salt  only  in  being  less  moist,  and  would  probabl}^  be  selected  by 
most  persons  as  the  better  sample.  Although  it  might  be  j)ossible 
to  prepare  a quantity  of  lead  acetate  of  the  theoretical  composition, 
calculated  from  the  determination  of  the  lead,  it  is  doubtful  whether 
such  a sample  would  really  be  of  100  per  cent  purit^q  since  adhering 
moisture  and  acetic  acid  would  probably  be  present,  and  the  true 
composition  of  the  salt  in  hand  might  vary  as  far  in  the  o])posite 
direction  as  tlie  ])resent  sani])le  goes  toward  the  basic  salt.  The 
question  would  then  resolve  itself  into  what  effect  the  difference  in 
amounts  of  acetic  acid  might  have  upon  the  solubility  in  the  aqueous 
alcohol  solutions  and  would  require  solubility  determinations  in  solu- 
tions containing  varying  amounts  of  free  acetic  acid.  The  following 
results  show  the  position  of  the  curve  for  a sample  of  lead  acetate 
containing  a certain  amount  of  the  basic  salt.  Another  samj)le 
would  no  doubt  give  slightly  different  results,  but,  as  pointed  out 
above,  the  same  uncertainty  would  be  present  in  both  cases. 

Two  series  of  determinations  were  made  in  the  present  case.  The 
second  was  for  the  particular  purpose  of  establishing  the  point  of 
change  of  solid  j)hase  from  the  hydrated  to  the  anhydrous  salt.  The 
lengths  of  time  of  the  shaking  for  reaching  the  saturation  point  were 
respectively  two  and  four  days.  The  saturated  solutions  were  per- 
fectly clear  in  all  cases,  but  upon  dilution,  preparatorv  to  making 
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the  lead  sulphate  determination,  each  became  cloudy.  The  solid 
})hase  in  the  solutions  of  lower  alcoholic  content  consisted  of  clear 
crystals,  and  in  the  solutions  of  81.5  per  cent  or  more  alcohol  it  was 
of  a very  fine,  silky,  fibrous  appearance.  The  line  of  demarcation 
between  the  two  forms  was  very  sharp.  An  analysis  made  of  the 
undissolved  residue  remaining  in  the  tube  of  81.5  per  cent  by  weight 
alcohol  showed  it  to  consist  of  the  anhydrous  salt,  thus  confirming 
the  conclusion  based  upon  the  difference  in  appearance  of  the  solid 
phase  in  the  tubes  of  the  higher  alcoholic  concentrations. 

The  saturated  solutions  were  analyzed  by  precipitation  with  dilute 
IfiSO.,  and  weighing  the  lead  sulphate,  as  already  described.  The 
results  are  shown  in  Table  No.  IV  and  the  solubility  curve  in  figure  1. 

Table  No.  IV. — Solubility  of  lead  acetate  in  aqueous  alcohol  solutions  at  25°  C. 

EXPERIMENTAL  RESULTS. 


Solvent. 

Specific  gravity 
of  saturated 
solution  at  25°. 

Specific  gravity 
at  15°. 

Per  cent  by 
weight  of 
C3H5OH. 

Salt  per  100  grams 
saturated  solution. 

Dist.  HjO 

0.0 

1.343 

Gram 
42. 611 

?. 

0. 985(i 

8.9 

1.285 

38.  41 

0. 9545 

32.0 

. 1.150 

28.  45 

a 

0. 9164 

51.0 

1.052 

21.49 

0. 8718 

70.2 

0.952 

14.  42 

0. 8441 

81.5 

0.902 

9.42 

0. 8234 

89.6 

0.827 

1.80 

0. 8190 

91.4 

0.821 

1.27 

r 

0. 8048 

96.2 

0.802 

0. 46 

0. 7941 

99.9 

0.791 

0.  40 

a Figures  show  grams  of  (CH3COO)j  Pb+3HjO. 

I>  Figures  show  grams  of  (CH3C00)s  Pb. 

CALCULATED  RESULTS. 

The  above  results  yielded  a curve  from  which  the  following  figures 
were  read  or  calculated: 


Per  cent  by 
weight  of 
C2H5OH 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

Salt  per  100  grams. 

Solvent 
to  dis- 
solve 1 
gram  salt. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. . 

Grams. 

0.0 

1.343 

42.61 

72.5 

1.38 

10.0 

1.275 

37.7 

60.5 

1.65 

20.0 

1.215 

33.3 

50.0 

2.00 

30.0 

1.157 

29.2 

41.3 

2.  42 

40.0 

1. 105 

25.5 

Ui 

34.2 

a 

2. 92 

50.0 

1.055 

21.8 

27.9 

3.59 

60.0 

1.002 

18.2 

22.3 

4.49 

70.0 

0.955 

14.5 

17.0 

5.90 

80.0 

0. 907 

11.0 

12.4 

8.09 

81.0 

0. 905 

10.5 

11.7 

8. 52 

85.0 

0. 855 

4.0 

4.2 

24.00 

90.0 

0. 826 

1.6 

6 

1.6 

b 

61.50 

C92.3 

0. 817 

1. 1 

1. 1 

89. 90 

95. 0 

0. 806 

0.  6 

0.  6 

131.60 

KK).  0 

0.  790 

0.4 

0.4 

249.00 

a Figures  show  grams  of  (CHsC00)sPb+3U30. 
6 Figures  show  grams  of  (CHsCOO)jPb. 
c U.  S.  Pharmacopoeia  strength. 

44678°— Bull.  67—10 2 


18 


The  solubility  o f 'potassium  acetate  in  aqueous  alcohol  solutions. — The 
])liannacopoeial  method  of  analysis  of  the  sodium  and  potassium  salts 
of  organic  acids  consists  in  incinerating  the  sample,  extracting  the 
charred  residue,  with  water,  and  titrating  the  filtered  solution  with 
0.5  N IICl,  using  methyl  orange  as  the  indicator.  This  procedure, 
although  perhaps  satisfactory  for  some  of  the  salts  to  which  it  is 
applied,  requires  a modification  for  the  attainment  of  accurate  results 
in  the  case  of  certain  of  the  others,  notably  sodium  benzoate.  A 
number  of  experiments  with  this  salt  (for  details  see  p.  28)  showed 
that  a part  of  the  alkali  can  not  be  successfully  extracted  from  the 
charred  residue,  and  therefore  low  results  are  obtained  unless  the 
unburned  carbon  is  subsequently  ignited  and  the  residue  dissolved 
in  water  and  mixed  with  the  main  extract  of  the  ignited  sample. 
Although  no  experiments  have  been  made  with  other  salts  than 
sodium  benzoate  to  ascertain  the  extent  of  the  error  due  to  the  neglect 
of  this  modification,  qualitative  observations  indicate  that  it  may 
arise  with  practically  all  of  these  salts.  This  procedure  was  therefore 
followed  in  all  the  analyses  of  these  compounds  reported  in  the 
following  pages. 

Two  samples  of  potassium  acetate  from  different  sources  contained, 
respectively,  96.4  and  96.7  per  cent  CH3COOK.  Since  this  compound 
absorbs  moisture  very  rapidly,  it  appears  that  this  low  result  might 
be  due  to  adhering  water.  That  this  was  not  the  case,  however,  was 
shown  by  analyzing  one  of  the  samples  after  drying  in  an  air  bath  at 
160°  for  six  hours  and  overnight  in  a vacuum  desiccator  containing 
concentrated  H2SO4.  The  second  analysis  showed  a purity  of  only 
97.6  per  cent. 

In  order  to  obtain  a product  of  greater  purity  than  the  purchased 
samples,  a portion  of  one  of  them  was  recrystallized  from  hot  95  per 
cent  alcohol,  washed  with  a little  alcohol,  and  dried  in  a hot  air  bath 
at  135°  to  140°  for  fifteen  hours.  Duplicate  determinations  showed 
the  material  to  contain  99  per  cent  CH3COOK.  The  free  acid  present 
corresponded  to  less  than  0.2  per  cent  CH3COOH.  The  recrystallized 
sample  was  used  for  the  solubility  determinations  contained  in  the 
accompanying  table.  No.  V. 

Two  series  of  determinations  were  made.  In  the  one  the  period  of 
shaking  was  two  and  in  the  other  four  days.  Some  difficulty  was 
experienced  in  withdrawing  sufficient  amounts  of  the  clear  saturated 
solution  for  analysis,  since  the  undissolved  excess  of  salt  settled 
imperfectly.  The  weighed  saturated  solutions  were  transferred  to 
weighing  bottles,  evaporated  to  dryness  in  an  air  bath,  and  dried  to 
nearly  constant  weight  at  a temperature  of  120°  to  140°.  Portions  of 
each  of  the  residues  were  analyzed,  as  above  described,  for  the  original 
samples  and  the  amount  of  anhydrous  CH3COOK  present  in  each 
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calculated.  The  proportion  of  the  anhydrous  salt  in  the  several 
residues  varied  from  94.3  per  cent  in  the  case  of  solution  in  water  alone 
to  99.1  per  cent  in  the  absolute  alcohol  solution. 

Table  No.  V. — The  solubility  of  'potassium  acetate  in  aqueous  solutions  of  ethyl  alcohol 

at  25°  C. 


EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 

CH3COOK 

Specific  gravity 
at  15°. 

Per  cent  bv 
weight  of 
CjHsOH. 

fty  of  satu- 
rated solu- 
tion at  25°. 

per  100  grams 
saturated 
solution. 

Dist.  HjO 

0.0 

1.417 

Grams. 
68.  73 

0. 9545 

32.0 

1.336 

67.  74 

0. 9164 

51.0 

1.255 

62. 50 

0. 8718 

70.2 

1.154 

55. 30 

0. 8234 

89.6 

0.997 

35.  70 

0.8048 

96.2 

0. 909 

22. 90 

0. 7941 

99.9 

0.  857 

14. 50 

CALCULATED  RESULTS. 

The  above  determinations  plotted  on  cross-section  paper  gave  a 
curve  from  which  the  following  figures  were  obtained : 


Per  cent  by 
weight  of 
CjHsOH 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

CHgCOOKperlOO 

grams. 

Solvent  to 
dissolve  1 
gram 

CH3COOK. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.417 

68.7 

219.6 

0.  455 

20.0 

1.363 

68.7 

219.6 

0.  455 

40.0 

1.302 

65.8 

192.4 

0.  520 

50.0 

1.260 

63.2 

171.8 

0.  582 

60.0 

1.210 

59.6 

147.5 

0. 678 

70.0 

1.156 

54.2 

118.3 

0. 855 

80.0 

1.085 

46.7 

87.6 

1.140 

90.0 

0.990 

34.6 

52.9 

1.890 

92.3 

0.  957 

30.5 

43.9 

2.280 

95.0 

0. 922 

25.5 

34.2 

2. 920 

100.0 

0.850 

14.0 

16.3 

6.140 

The  solubility  of  sodium  acetate  in  aqueous  alcohol  solutions. — The 
analyses  of  the  salt  and  of  the  residues  obtained  from  the  saturated 
solutions  were  made  by  the  pharmacopoeial  method,  modified  as 
described  under  potassium  acetate.  It  should  be  mentioned,  however, 
that  with  this  salt  all  of  the  carbon  in  the  residue  could  be  burned, 
if  enough  heat  were  applied,  and  the  white  residue  dissolved  in  water 
and  titrated  directly.  The  sample  used  for  the  solubility  determina- 
tions was  in  the  form  of  moderately  sized  clear  crystals  and  con- 
tained 99.0  per  cent  CHgCOONa  + SHjO.  The  impurity  was  evi- 
dently adhering  moisture,  since  the  analyses  of  the  dried  residues 
from  the  saturated  solutions  showed  them  to  contain  99.5  or  more 


20 


per  cent  CIlgCOONa.  The  sample  was  neutral  to  litmus  and  prac- 
tically so  toward  plienolphthaleine,  since  about  3.0  grams  dissolved 
in  20  cubic  centimeters  water  required  only  3 drops  of  0.1  N NaOH 
to  give  the  strong  pink  color  of  plienolphthaleine. 

Two  series  of  determinations  were  made,  the  time  of  shaking 
being  respectively  two  and  four  days.  No  change  in  the  solid  phase 
was  apparent  in  any  of  the  tubes.  The  weighed  saturated  solutions 
were  transferred  to  weighing  bottles,  evaporated  to  dryness  in  an 
air  bath  at  about  120°,  and  dried  for  three  to  five  hours  at  150°. 
Portions  of  the  resulting  residues  of  anhydrous  sodium  acetate  were 
analyzed  and  shown  to  contain  approximately  99.5  per  cent 
CIIgCOONa.  The  weights  of  the  anhydrous  salt  were  calculated  to 
the  hydrated  compound,  since  it  was  evident  that  the  salt  had  dis- 
solved as  such  without  change.  The  results  are  given  in  Table  No. 
VI  and  the  curve  in  figure  1. 

The  solubility  of  sodium  acetate  in  water  and  in  alcohol  solutions  of 
several  concentrations  has  been  determined  by  G.  Schiavon  (Gazz. 
chim.  ital.  (Roma),  1902,  32  II,  p.  532),  but  the  solutions  were 
agitated  only  at  intervals  and  the  temperature  maintained  constant 
for  comparatively  short  periods  of  time.  The  results  are  somewhat 
higher  than  those  here  shown,  due  probably  to  the  fact  that  the 
saturation  point  was  approached  from  above  and  equilibrium  had  not 
been  reached.  One  determination  in  water  at  31.5°,  reported  by 
Kohler  (Z.  Ver.  Zuckerind,  1897,  4-4}  447),  is  evidently  much  too  low 
as  compared  with  the  results  of  Schiavon  and  the  present  value 
for  25°. 

Table  No.  VI. — The  solubility  of  sodium  acetate  in  aqueous  solutions  of  ethyl  alcohol 

at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solu- 
tion at  25°. 

CHsCOONa 
-f  3H2O  per 
100  grams 
saturated 
solution. 

Specific  gravity 
at  15°. 

Per  cent  by 
weight  of 
C2II5OH. 

Dist.  HjO 

0.0 

1.209 

Grams. 
55.  75 

0. 9856 

8.9 

1.162 

53.22 

0. 9545 

32.0 

1.104 

45.  59 

0. 9164 

51.0 

1.034 

36.  44 

0. 8718 

70.2 

0. 941 

22.18 

0.  8441 

81.4 

0.  876 

11.74 

0.  8190 

91.4 

0.834 

6.  28 

0.  7941 

99.9 

0.823 

7.  31 
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Table  No.  VI. — The  solubility  of  sodium  acetate  in  aqueous  solutions  of  ethyl  alcohol 

at  25° — Continued. 

CALCULATED  RESULTS. 

The  above  results  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  figures  were  obtained ; 


Per  cent  by 
weight  of 
CjinOH 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

CHsC00Na+3n20 
per  100  grains. 

Solvent  to 
dissolve 
1 gram 
CHaCOONa 
+3H2O. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.209 

55.7 

125.7 

0.  795 

10.0 

1. 160 

53.0 

112.8 

0. 887 

20.0 

1.135 

49.8 

99.2 

1.008 

30.0 

1.108 

46.5 

86.9 

1.150 

40.0 

1.072 

42.0 

72.4 

1.380 

50.0 

1.038 

37.0 

58.7 

1.700 

60.0 

0.990 

30.4 

43.7 

2. 290 

70.0 

0.942 

22.8 

29.$ 

3. 390 

80.0 

0.882 

13.0 

14.9 

6.690 

90.0 

0.838 

6.7 

7.2 

13. 93 

92.3 

0.833 

6.2 

6.6 

15.13 

95.0 

0.  828 

6.1 

6.5 

15.39 

100.0 

0.823 

7.3 

7.9 

12.  70 

1 

Soluhility  of  zinc  acetate  in  aqueous  alcohol  solutions.— -As  in  the  case 
of  lead  acetate,  there  is  no  method  given  in  the  Pharmacopoeia  for 
the  quantitative  analysis  of  this  salt.  The  following  method,  based 
upon  the  determination  of  the  zinc  as  oxide,  was  therefore  used:  A 
weighed  sample  of  about  0.5  gram  of  the  salt  is  dissolvetl  in  about 
100  cubic  centimeters  of  water  and  heated  to  the  boiling  point:  dilute 
sodium  carbonate  solution  (10  per  cent)  is  then  graduall}'  added 
until  the  precipitation  is  complete.  The  heating  continued  for  about 
one-half  hour  and  the  precipitate  then  filtered  on  a Gooch  crucible, 
converted  to  oxide  by  igniting  to  bright  redness,  and  weigheLl.  The 
principal  difficulty  with  the  method  is  the  tendency  of  the  precij)i- 
tate  to  adhere  to  the  sides  of  the  beaker  and  the  almost  unavoidable 
slight  loss  due  to  this  cause.  By  great  care,  however,  this  source  of 
error  may  be  rendered  practically  negligible. 

The  sample  of  zinc  acetate  used  for  the  following  solubility  deter- 
minations when  analyzed  by  the  above  method  gave  an  amount  of 
zinc  oxide  corresponding  to  102.4  per  cent  Zn(C2Tl3()2)2  + 2II2O.  This 
variation  from  the  theoretical  composition  was  no  doubt  due  to  loss 
of  acetic  acid,  as  has  already  been  mentioned  in  connection  with  lead 
acetate.  The  odor  of  acetic  acid  was  distinctly  perceptible  on  open- 
ing the  bottle  containing  the  sample.  It  is  possible  that  a sample  of 
more  nearly  100  per  cent  purity  could  have  been  prepared,  but  it  is 
questionable  whether  the  solubility  results  which  it  might  have 
yielded  would  be  of  more  interest  than  those  here  shown.  The  phar- 
macopoeia! purity  rubric  of  99.5  per  cent  for  this  salt  is  clearly  unjus- 
tifiable, in  view  of  the  unstable  character  of  the  compound.  It  is 
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quite  probable  that  the  sample  used  for  the  present  investigation 
rej)resents  as  good  quality  as  the  market  may  be  expected  to  afford. 

Only  one  series  of  determinations  was  made,  but  the  time  allowed 
for  the  attainment  of  saturation  was  five  days.  The  saturated  solu- 
tions were  analyzed  by 
precipitating  the  whole 
amount  or  an  aliquot 
part  by  means  of  dilute 
sodium  carbonate  solu- 
tion, as  described  above. 
The  zinc  oxide  residues 
were  analyzed  in  several 
cases  by  titration  with 
standard  acid  and  shown 
to  be  of  the  theoretical 
purity.  The  solid  phase 
in  contact  with  the  alco- 
holic solutions  of  96.3 
and  99.9  weight  per  cent 
alcohol  after  the  period 
of  shaking  was  changed 
from  its  original  crys- 
talline character  to  the 
amorphous  condition. 
Although  the  amount  in 
either  case  was  not  suffi- 
cient for  an  analysis, 
there  is  little  doubt  that 
it  consisted  of  the  anhy- 
drous salt,  as  was  demonstrated  for  the  amorphous  lead  acetate  in 
contact  with  the  strong  alcohol  solutions. 

Table  No.  Nil.— The  solubility  of  zinc  acetate  in  aqueous  solutio77s  of  ethyl  alcohol 

at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

Acetate  per  100  grams  saturated 
solution. 

Specific  gravity 
at  15°. 

Per  cent  by 
weight  of 
CjIl60H. 

Dist.  IIsO 
0. 9856 
0. 9545 
0.  8718 
0.  8190 
0.  8048 
0.  7941 

0.0 

8.9 

32.0 

70.2 
91.4 

96.3 
99.9 

1.168 
1.132 
1.048 
0.878 
0.832 
0.  822 
0.796 

Grams. 

30.  78  (CjH30s)2Zn+2Hs0  - 
27.64  (CsH302)jZn+2Hs0 
19.  78  (C2HsOj)jZn+2HsO 
7.90  (C2H302)2Zn+2H20 
4.16  (C2H302)2Zn+2H20 
3. 87  (C2H302)2Zn 
1.18  (C2ll302)2Zn 

Fig.  1. — Curves  showing  the  solubilities  of  the  acetates  i 
aqueous  alcohol  solutions  at  25°. 
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Table  No.  VII. — The  solubility  of  zinc  acetate  in  aqueous  solutions  of  ethyl  alcohol 

at  25° — Continued. 

CALCULATED  RESULTS. 

The  above  figures  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  results  were  obtained: 


Per  cent  liy 
weight  of' 

Specific  grav- 
ity of  saturated 
solution  at  2o®. 

(C2lI.302)5Zn-K2Il20  per 
100  grams. 

Solvent  to  di.s- 
solve  1 grain 

C2II5OII  in 
solvent. 

Saturated 

solution. 

Solvent. 

(C2ll302)2Zn 

+2II2O. 

0.0 

1. 108 

Gramn. 
30.  SO 

Grams. 

44.5 

Grams. 

2.  25 

U).  0 

1.127 

27.  '20 

37.4 

2.  07 

•JO.  0 

1.090 

23.  70 

31.1 

3.22 

30.  0 

l.OV) 

■20.  40 

2").  u 

3. 90 

40.  0 

l.Ol,') 

17.  (M) 

20. 5 

4.  88 

••)0. 0 

0. 970 

13. 80 

10. 0 

0.  25 

(iO.  0 

0. 920 

10.  00 

11.9 

8.  42 

70.0 

0. 880 

7. 80 

S.  “) 

11.80 

80.  0 

0.  8.i0 

.1.  .iO 

").  s 

17.  20 

90.0 

0.  830 

4.  -20 

4.  4 

22.  80 

9'J  3 

0.  827 

4.10 

4.3 

23.  40 

9.i.  0 

0.  82,1 

4.00 

4.2 

24.  fit) 

KM).  0 

0.  790 

a 1.  IS 

a 1.  2 

n 83.  75 

o Solubility  of  the  anhydrous  salt. 


BENZOIC  ACID  AND  THE  BENZOATES. 

The  solubility  of  benzoic  acid  in  alcohol  solutions. — The  sample  of 
benzoic  acitl  used  for  the  solubility  determinations  was  analyzed  by 
titration  with  standard  alkali,  using  phenolphthaleine  as  imlicator. 
Since  the  acid  is  only  sparingly  soluble  in  water,  it  is  advisable  to 
add  enough  alcohol  to  dissolve  all  of  the  sample  previous  to  making 
the  titration.  It  is  to  be  noted,  however,  that  since  the  ordinary 
alcohol  is  usually  acid  itself,  it  is  necessary  to  previously  neutralize 
that  used  for  dissolving  the  benzoic  acid.  The  titration  gave 
average  results  showing  a purity  of  practically  100  per  cent.  The 
melting-point  determinations  were  within  the  limits  quoted  by  the 
[iharmacopoeia. 

The  saturated  solutions  were  analyzed  by  titrating  aliquot  portions 
after  dilution,  with  0.1  N NaOH.  The  results  which  were  obtained 
are  given  in  Table  No.  VIII  and  the  solubility  curve  in  Plate  No.  IT. 

Table  No.  VIII. — Solubility  of  benzoic  acid  in  aqueous  ethyl  alcohol  solutions  at  25° . 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific 
gravity  of 
saturated 
solution  at 
25°. 

CelliCOOII 
per  100 
grams 
saturated 
solution. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
CjHiOH. 

Dist.  II2O 

0.0 

1.000 

Grams. 

0. 307 

0. 98.50 

8.9 

0. 9805 

0.581 

0. 9545 

3-2.0 

0. 9574 

4.077 

0. 9104 

51.0 

0. 9404 

17.800 

0. 8718 

70.2 

0.9404 

.30. 070 

0. 8401 

83.0 

0.9311 

35. 050 

0. 8048 

90.3 

0.9128 

30.510 

0.  7941 

99.8 

0. 9093 

30. 910 
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Table  No.  Will— Solubility  of  benzoic  acid  in  aqueous  ethyl  alcohol  solutions  at  25°— 

Continued. 

CALCULATED  RESULTS. 


Tiie  above  results  j)lotted  on  cross-section  paper  gave  a curve  from 
which  the  following  figures  were  obtained: 


Per  cent  by 
weight  of 
C2ILOII 
in  solvent. 

S pec  i lie 
gravity  of 
saturated 
solution 
at  25°. 

CbHsCOOH  per 
100  grains. 

Solvent 
to  dissolve 
1 gram 
CelL- 
COOII. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.00 

0. 307 

0.  308 

271.40 

10.0 

0. 985 

0. 000 

0.004 

105.30 

20.0 

0. 970 

1.700 

1.730 

57.80 

30.0 

0. 959 

3.900 

4.000 

24. 00 

40.0 

0.951 

9. 100 

10.  010 

9.99 

50.0 

0. 940 

17.000 

20. 470 

4.88 

00.0 

0. 943 

23.800 

31.230 

3.20 

70.0 

0. 940 

29.700 

42. 250 

2. 37 

SO.O 

0. 934 

34.000 

51.520 

1.94 

90.0 

0. 922 

30.000 

50. 240 

1.78 

a 92. 3 

0.919 

30. 200 

50.  740 

1.70 

100.0 

0.908 

30. 900 

58. 480 

1.71 

a U.  S.  PharmacopcEia  strength. 


The  solubility  of  benzoic  acid  in  organic  solvents. — The  solvents 
used  for  the  determinations  were  obtained  from  different  sources; 
the  amyl  alcohol,  chloroform,  ligroin,  nitrobenzene,  and  toluene  were 
the  Kahlbaum  products,  the  amyl  acetate,  benzene,  cumene,  and 
turpentine  (double  distilled)  bore  the  Eimer  and  Amend  label. 
A 5 cubic  centimeter  portion  of  each  solvent  was  shaken  with  water 
and  the  acidity  toward  phenolphthaleine  determined  by  titration 
with  0.1  N NaOH.  Only  the  samples  of  naphtha  and  turpentine 
showed  enough  acidity  to  require  a correction  in  the  amount  of  alkali 
necessary  for  the  saturated  solution  of  the  benzoic  acid  in  these  two 
solvents.  No  other  quantitative  tests  were  made  of  the  purity  of 
the  solvents.  The  densities  quoted  in  the  table  (No.  IX)  were  taken 
for  the  most  part  from  the  second  issue  of  Olsen’s  Chemical  Annual 
and  were  used  in  the  calculation  of  the  grams  of  benzoic  acid  dissolved 
per  100  cubic  centimeters  of  the  several  solvents. 

The  solubility  determinations  were  made  by  rotating  the  glass- 
stoppered  cylinders  containing  the  solvents  and  an  excess  of  the 
benzoic  acid  for  four  days  at  25°.  The  clear  saturated  solutions 
were  then  weighed  in  a pycnometer,  transferred  to  a glass-stoj)pered 
bottle  with  water,  a few  drops  of  phenolphthaleine  added  and  the 
mixture  titrated  with  0.1  N NaOH  solution. 
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Table  No.  IX. — Solubility  of  benzoic  acid  in  organic  solvents  at  25° . 


d25  of 
saturated 
solution. 

CelljCOOII  dissolved  i)er— 

Solvent  to 

Solvent. 

Specific  gravity 
of  solvent. 

100  grams 
saturated 
solution. 

100  grams 
solvent. 

100  c.  c. 
solvent. 

dissolve 
1 gram 
CeinCOOlI. 

Amyl  alcohol  (iso) 

doo=0. 817 

0. 875 

Grams. 

24.45 

Grams. 

32.37 

Grams. 
26. 44 

Grams. 

3.09 

Amyl  acetate 

da)=0. 875 

0.912 

18. 24 

22.00 

19.26 

4.54 

Alcohol  (abs.) 

d2i=  0.785 

0.908 

36.90 

58. 40 

45.92 

1.71 

Benzene 

d25=0. 873 

0.897 

10.90 

12.23 

10.  70 

8.17 

Chloroform 

d22=  1.476 

1.456 

13.15 

15.14 

22.35 

6.  (il 

Carbon  tetrachloride 

dis=  1.591 

1.564 

4.01 

4.18 

6. 65 

23.94 

Carbon  bisulphide 

d2s=  1.258 

1.282 

4.60 

4.82 

6.06 

20. 73 

Cumene 

d2o=  0.862 

0.906 

7.91 

8. 59 

7.41 

11.04 

Ether  (abs.) 

d22=  0.711 
ds=  0.714 

31.85 

46. 74 

33.24 

2. 14 

Ligroiii 

0. 720 

1.72 

1.75 

1.26 

57. 15 

Naphtha 

ca=  0.  720 

0. 730 

2. 48 

2.05 

1.91 

37.70 

Nitrobenzene 

da=  1.204 

1.225 

9.13 

10. 05 

12.13 

9. 95 

Toluene 

di5=0. 872 

0.884 

9.40 

10.69 

9.33 

9.57 

Spirits  of  turpentine 

Water 

da)=  0.865 

0.859 

4.84 

5.09 

4.40 

19, 66 

di=  1.000 

1.000 

0. 367 

0. 368 

0. 368 

271.40 

Xylene 

d23=  0.861 

0.877 

8.85 

9.71 

8. 52 

9.71 

The  soluhility  of  ammonium  henzoate  in  aqueous  alcohol  solutions. — 
The  sample  of  ammonium  benzoate  used  for  the  solubility  deter- 
minations was  recrystallized  from  warm  alcohol  and  washed  with 
ether.  Analyses  showed  it  to  contain  99.8  per  cent  CghlsCOONH^. 
In  some  cases  unrecrystallized  material  of  approximately  98.8  per 
cent  purity  was  used.  The  analytical  details  involved  in  the  deter- 
mination of  the  purity  of  samples  of  ammonium  benzoate  have 
already  been  described  in  a paper  from  this  laboratory  entitled 
“Pharmacopoeial  Tests  for  Ammonium  Benzoate.”®  It  was  shown 
that  the  most  satisfactory  method  of  analysis  is  the  determination  of 
the  ammonia  liberated  by  caustic  alkali.  The  melting  or  decom- 
position point  is  of  no  value  whatever  in  judging  the  purity  of  a 
sample  of  the  salt.  Furthermore,  the  litmus  paper  test  is  inadequate 
for  showing  the  presence  of  less  than  10  per  cent  of  benzoic  acid. 

The  analysis  of  the  salt  and  of  the  saturated  solution  was  made  by 
distillation  of  the  ammonia  after  adding  an  excess  of  caustic  alkali. 
The  distilled  ammonia  was  titrated  in  the  usual  way,  and  in  addition 
the  amount  of  alkali  required  to  liberate  the  ammonia  was  deter- 
mined by  titrating  the  portion  of  the  liquid  remaining  in  the  distilling 
flask.  The  benzoate  calculated  from  the  two  titrations  agreed  only 
fairly  well,  therefore  the  values  obtained  from  the  ammonia  titra- 
tions were  used  for  the  solubility  determinations  reported  in  the 
accompanying  table,  since  the  results  calculated  from  the  alkali 
neutralized  in  the  distilling  flask  are  subject  to  the  error  arising  from 
the  solubility  of  the  glass  and  from  inaccuracies  of  the  indicator. 

The  periods  of  shaking  the  tubes  were  from  one  to  three  days. 
The  curve  is  interesting  in  that  it  is  almost  horizontal  in  the  region 


« Seidell  and  Menge,  Am.  .Tourn.  of  Pharmaey,  82,  12-30,  1910. 
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of  dilute  alcoholic  solvents.  Thus  alcohol  solutions  between  5 and 
40  per  cent  strength  dissolve  practically  the  same  amount  of  ammo- 
nium benzoate.  The  figure  for  the  solubility  in  water,  as  given  by 
the  Pharmacopoeia,  is  evidently  incorrect,  the  actual  solubility  being 
more  than  twice  as  great  as  stated.  The  result  given  for  U.  S.  P. 
alcohol,  on  the  other  hand,  is  very  near  the  figure  found  in  the  present 
investigation. 


Table  No.  X. — Solubility  of  ammonium  benzoate  in  aqueous  alcohol  solutions  at  25°  C. 

EXPERIMENTAL  RESULTS. 


Solvent. 

Specific 
gravity  of 
.saturated 
.solution  at 
25°. 

CellsCOONlL 

Specific  grav- 
ity at  LI". 

' 

Per  cent  by 
weight  of' 
CsHsOH. 

per  1(K)  grams 
saturated  solu- 
tion. 

1 

Dlst.  ILO 

0.0 

1 . 0 18 

Grams. 

18.0 

0. 985C. 

8.9 

1.029 

18.0 

0. 9545 

82.0 

0.998 

18.1 

0.91C4 

51.0 

0. 954 

10.9 

0.8718 

70.2 

0.900 

12.1 

0.8190 

91.4 

0. 825 

8.8 

0. 8048 

90.  ;i 

0.808 

2.5 

0.  7941 

99.9 

0.  790 

1.0 

CALCULATED  RESULTS. 

The  above  results,  plotted  on  cross-section  paper,  gave  a curve 
from  which  the  following  figures  were  obtained : 


Per  cent  by 
weight  of 
CalROH  in 
solvent. 

Specific 
gravity  of 
saturated 
solution  at 
25°. 

CelUCOONiL  per 
100  grams. 

Solvent  to 
dissolve  1 
gram 

CsIIsCOONIL. 

Saturated 

solution. 

Solvent. 

Grams. 

Gravis. 

Grams. 

0.0 

1.048 

18.  0 

22.  8 

4.38 

10.0 

1.027 

18.0 

22. 0 

4.55 

20.0 

1.012 

18.0 

22. 0 

4. 55 

80.0 

0.997 

18. 1 

22.  1 

4.53 

40.0 

0. 979 

IS.O 

22. 0 

4.55 

50.0 

0.  950 

17.0 

20.5 

4.88 

00.0 

0. 930 

15.0 

17.6 

5.67 

70.0 

0.901 

12.2 

18. 9 

7.20 

80.0 

0. 864 

8.3 

9.1 

11.05 

90.0 

0.828 

4.2 

4.4 

22.81 

0 92.8 

0.819 

3.4 

3.5 

28.41 

95.0 

0.810 

2.7 

2.8 

36.03 

100.0 

0. 790 

1.0 

1.0 

61.15 

a U.  S.  PharmacopcBia  strength. 


The  solubility  of  lithium  benzoate  in  aqueous  alcohol  solutions. — The 
sample  of  lithium  benzoate  was  in  the  form  of  a very  fine  white 
powder.  The  aqueous  solution  did  not  react  alkaline  to  litmus  paper, 
but  was,  on  the  other  hand,  acid  towards  phenolphthaleine.  Two 
grams  of  the  sample  dissolved  in  about  50  cubic  centimeters  of  water 
required  1.4  cubic  centimeters  0.1  N NaOH  for  neutralization,  indi- 
cator phenolphthaleine.  Therefore  indicating  the  presence  of  0.85 
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per  cent  free  benzoic  acid.  A determination  of  the  lithium  by  the 
pharmacopoeial  method  gave  an  average  amount  corresponding  to 
99.2  per  cent  litliium  benzoate.  The  sample  was  therefore  well 
within  the  limit  of  purity  required  by  the  Pharmacopada,  viz.,  98.5 
per  cent.  It  appears  that  the  pharmacopoeial  statement  regarding 
the  reaction  of  lithium  benzoate  to  indicators  should  be  changed  to 
prescribe  neutrality  toward  litmus  (or  better  the  omission  of  reference 
to  litmus)  and  not  exceeding  a definite  acidity  toward  phenolph- 
thaleine.  The  additional  pharmacopoeial  tests  applied  to  the  present 
sample  gave  further  evidence  of  its  satisfactory  quality.  The  benzoic 
acid  obtained  from  it  gave  a melting  point  of  121°  (cor.)  and  the 
lithium  chloride  dissolved  practically  completely  in  amyl  alcohol  and 
contained  Cl  corresponding  to  a purity  of  99.7  per  cent.  Although 
for  some  reasons  it  might  have  been  better  to  have  used  a sample  of 
more  nearly  100  per  cent  purity  than  the  present  one,  it  is  probable 
that  the  small  percentage  of  free  benzoic  acid  could  not  appreciably 
affect  the  solubility  values  obtained.  In  preparing  the  saturated 
solutions,  an  excess  of  salt  was  added  to  each  solvent  in  the  usual 
way  and  the  tubes  rotated  at  25°  for  two  days.  The  weighed  portions 
of  the  saturated  solutions  were  transferred  to  weighing  bottles  and 
evaporated  in  a vacuum  desiccator  containing  concentrated  sulphuric 
acid.  No  especial  attempt' was  made  to  carry  the  desiccation  to  the 
end,  but  only  until  the  residues  were  sensibly  dry.  Portions  of  each 
were  then  removed  and  the  lithium  determined  as  sulphate  by  fusion 
with  ammonium  sulphate  according  to  the  method  of  the  pharma- 
copoeia. The  weight  of  anhydrous  benzoate  in  each  residue  was  then 
calculated  from  the  lithium  sulphate  found.  The  curve  which  was 
obtained  (see  Plate  No.  II)  is  perfectly  regular,  and  only  one  series 
of  determinations  made  after  a two-day  period  of  shaking  was  deemed 
necessary.  It  will  be  noted  that  a maximum  solubility  occurs  at 
about  15  per  cent  alcohol.  In  the  case  of  the  ammonium  benzoate 
curve  a slight  minimum  exists  at  about  this  concentration  of  solvent. 

Table  No.  XL — Solubility  of  lithium  benzoate  in  aqueous  alcohol  solutions  at  25°  C. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific 

♦ CeHsCOOLi 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
CsmOH. 

gravity  of 
saturated  so- 
lution at  25°. 

per  100  grams 
saturated  solu- 
tion. 

Dist.  HjO. 

0.0 

1.103 

Orams. 

27.64 

0. 9856 

8.9 

1.090 

28.52 

0. 9545 

32.0 

1.047 

27.79 

0. 9164 

51.0 

0.999 

23.46 

0. 8718 

70.2 

0. 931 

15.23 

0. 8190 

91.4 

0. 838 

5. 98 

0. 8048 

96.2 

0. 815 

4.02 

0. 7941 

99.9 

0.  799 

2.61 
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Table  No.  XL — Solubility  of  lithium  benzoate  in  aqueous  alcohol  solutions  at  25°  C. — 

Continued. 

CALCULATED  RESULTS. 

The  above  results  plotted  on  cross  section  paper  gave  a curve  from 
which  the  following  figures  were  obtained : 


Per  cent  by 
weight  of 

Specific 
gravity  of 
saturated 
solution  at 
25°. 

CeHaCOOLi  per  100 
grams. 

Solvent  to 
dissolve  1 

CsHsOH  in 
solvent. 

Saturated 

solution. 

Solvent. 

gram 

CoHsCOOLi. 

0.0 

1.103 

Grams. 

27.64 

Grams. 

38.2 

Grams. 

2.62 

10.0 

1.088 

28. 60 

40.1 

2.50 

20.0 

1.072 

28.50 

39.9 

2.  51 

30.0 

1.052 

27.80 

38.5 

2.  60 

40.0 

1.030 

26.20 

35.5 

2.82 

50.0 

1.003 

23.60 

30.9 

3.  24 

60.0 

0. 970 

19.80 

24.7 

4.05 

70.0 

0.932 

15.  40 

18.2 

5.  49 

80.0 

0.890 

10.70 

11.9 

8.  35 

90.0 

0.847 

6.  40 

6.8 

14.62 

0 92.3 

0.  835 

5.50 

5.8 

17. 18 

95.0 

0.823 

4.50 

4.7 

21.22 

100.0 

0.  799 

2. 60 

2.7 

37.46 

aU.  S.  PharmacopoBia  strength. 


Solubility  of  sodium  benzoate  in  aqueous  alcohol  solutions. — Several 
difficulties  were  encountered  while  investigating  the  solubility  of  this 
salt.  In  the  first  place,  the  purification  of  the  material  by  recrystal- 
lization could  not  be  accomplished  by  any  means  at  command.  The 
solubility  of  the  salt  in  water  is  so  great  that  the  saturated  solution 
is  rather  viscous,  and  on  standing  shows  no  tendency  towards  crystal- 
lization. The  liquid  climbs  up  the  sides  of  the  vessel  and  deposits  a 
crust  as  the  solvent  evaporates.  A hot  saturated  aqueous  solution 
yields  a crust  on  the  surface,  or  if  sufficiently  concentrated  will  form 
a solid  mass  upon  cooling.  Alcohol,  ether,  and  various  mixtures  of 
these  with  water  were  tried  without  success.  In  all  cases  the  salt 
deposited  at  the  surface  as  the  solvent  evaporated  and  no  crystals 
appeared  in  the  solution. 

In  analyzing  the  salt  by  the  pharmacopoeial  method,  which  requires 
that  the  sample  be  ignited  and  the  solution  of  the  residue  titrated 
with  standard  acid,  using  methyl  orange  as  the  indicator,  it  was  found 
that  concordant  results* could  not  be  obtained  unless  the  charred 
residue  remaining  after  the  incineration  and  extraction  with  hot 
water  be  ignited  and  the  second  residue  dissolved  in  water  and  added 
to  the  first  extract.  The  several  determinations  showing;  the  addi- 
tional  amounts  of  the  salt  recovered  by  the  second  ignition  are  as 
follows : 
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Weight 

of 

sample. 

0.5  N HCl  required — 

Calc,  per  cent 
CBHjCOONa. 

After  first 
incinera- 
tion. 

Alter  sec- 
ond incin- 
eration. 

U.  s.  P. 

Modified. 

Oram. 

c.  c. 

c.  c. 

1.0 

13.15 

13.50 

94.7 

97.4 

1.0 

12. 70 

13.55 

91.45 

97.6 

1.0 

12. 90 

13. 40 

92.9 

96.5 

1.0 

12. 60 

. 13. 40 

90.7 

96.5 

The  method  as  modified  was  therefore  used  in  all  cases  for  the  analy- 
sis of  the  samples  and  of  the  residues  remaining  after  evaporation  of 
the  saturated  solutions  obtained  in  the  solubility  determinations. 
An  attempt  was  made  to  prepare  a pure  sample  of  sodium  benzoate 
by  fractionating  a hot  aqueous  solution  of  the  salt  as  follows;  The 
solution  was  evaporated  over  a flame  until  a crust  just  began  to  form; 
it  was  then  cooled  somewhat  and  the  separated  salt  removed,  dried  on 
filter  paper,  and  finally  in  a vacuum  desiccator  containing  concentrated 
II2SO4.  The  liquor  from  this  fraction  was  then  evaporated  until  a 
second  crust  was  formed  and  then  cooled  as  before  and  the  new  frac- 
tion removed  and  dried.  The  final  liquor  was  evaporated  far  enough 
so  that  it  solidified  on  cooling.  The  original  material  and  the  three 
products  were  thoroughly  dried  in  a vacuum  desiccator  containing 
cone.  H2SO4  and  analyzed.  The  results  were,  respectively,  97.5,  98.1, 
98.4,  and  98.4  per  cent,  showing  the  process  to  be  only  partially  success- 
ful. It  seems  probable  that  the  differences  between  the  results  found 
and  100  per  cent  are  due  to  adhering  water  which  can  not  be  removed 
by  vacuum  desiccation.  It  is  questionable  whether  the  pharmacopoe- 
ia! requirement  of  99  per  cent  CgHgCOONa  is  a reasonable  limit.  Of 
two  purchased  samples,  claimed  to  be  of  U.S.P.  purity,  one  gave  97.5 
and  the  other  96.5  per  cent  CallgCOONa  upon  analysis.  The  efforts 
made  in  the  laboratory  to  prepare  a product  of  the  pharmacopoeial 
purity  from  one  of  these  samples  was  imsuccessfid. 

The  material  used  for  the  solubility  determinations  was  the  product 
containing  by  analysis  97.5  per  cent  CeHgCOONa.  The  determination 
of  the  free  benzoic  acid  in  this  sample  by  titration  with  standard 
alkali  showed  0.36  per  cent.  It  was  found  that  in  preparing  the 
saturated  solutions  for  the  solubility  determinations  it  was  advisable 
to  have  only  a very  small  excess  of  the  solid,  since  the  undissolved 
salt  becornes  apparently  gelatinous,  and  may  form  an  almost  solid 
mass  from  which  it  is  impossible  to  remove  enough  clear  saturated 
solution  for  analysis.  Even  with  only  a slight  excess  of  the  salt  con- 
siderable time  is  required  for  the  suspended  solid  to  subside.  This 
happens  in  both  the  aqueous  and  alcoholic  solutions.  After  consid- 
erable difficulty  the  tubes  were  ])repared  with  a satisfactory  excess 
of  the  solid  in  each  and  rotated  at  25°  two  days;  in  the  case  of  one 
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duplicate  deterinination  the  time  of  rotation  was  extended  to  three 
days  without  changing  the  figure  obtained  in  the  two-day  period. 

The  saturated  solutions  were  weighed  in  the  pycnometer  as  usual 
and  transferred  to  weighed  weighing  bottles  and  evaporated  in  a 

vacuum  desiccator  con- 
taining cone.  II2SO4  until 
no  further  loss  in  weight 
occurred.  The  residues 
were  then  dissolved  in 
water  and  the  whole,  or 
an  aliquot  portion  of  each 
solution,  evaporated  to 
dryness  in  a platinum 
dish  and  incinerated,  the 
alkali  being  determined 
by  titration,  as  already 
described.  The  values 
calculated  from  the  anal- 
ysis were  in  all  cases,  ex- 
cept with  the  solvents  of 
highest  alcoholic  con- 
tent, 97  to  98  per  cent  of  the  weight  of  dried  residue  obtained 
after  the  desiccation,  thus  lending  weight  to  the  view  that  the  orig- 
inal impurity  in  the  sample  was  nothing  else  than  adhering  water 
and  a slight  amount  of  free  benzoic  acid.  Otherwise  it  would  be  ex- 
pected that  the  residues  from  the  solubility  determinations  would 
show  a different  degree  of  purity  than  the  original  material.  The 
results  of  the  determinations  are  shown  in  Table  No.  XII  and  the 
curve  of  the  solubility  in  figure  2. 

Table  No.  XII. — Solubility  of  sodium  benzoate  in  aqueous  alcohol  solutions  at  25°  C. 

EXPERIMENTAL  RESULTS. 


Solvent. 

Specific 

CemCOONa 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
CjHoOH. 

gravity  of 
saturated  so- 
lution at  25°. 

per  100  grams 
saturated 
solution. 

Dist.  H2O. 

0.0 

1.155 

Grams. 

35.99 

0. 9856 

8.9 

1.137 

35. 53 

0. 9545 

32.0 

1.082 

31.74 

0. 9164 

51.0 

1.016 

25.  43 

0. 8718 

70.2 

0.927 

15.  25 

0. 8190 

91.4 

0.825 

2. 25 

0.8048 

96.3 

0.807 

1.05 

0.  7941 

99.9 

0.  795 

0.58 

Fig.  2. — Curves  showing  the  solubilities  of  benzoic  acid  and 
the  benzoates  in  aqueous  alcohol  solutions  at  25°. 
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Table  No.  XII. — Solubility  of  sodium  benzoate  in  aqueous  alcohol  solutions  at  25° — 

Continued. 

CALCULATED  RESULTS. 

The  a Dove  results  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  figures  were  obtained : 


Percent  by 
weight  of 
CjHoOH 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

CeHoCOONa  per 
100  grams. 

Solvent  to 
dissolve 

Saturated 

solution. 

Solvent. 

1 gram 

CeHiCOONa. 

0.0 

1.155 

Grams. 

36.0 

Grams. 
56. 24 

Grams. 

1.78 

10.0 

1.132 

35.3 

54.39 

1.88 

20.0 

1.110 

33.7 

50.83 

1.97 

30.0 

1.086 

31.5 

45. 98 

2. 18 

40.0 

1.055 

28.9 

40. 64 

2. 46 

50.0 

1.020 

25.6 

34.41 

2. 91 

60.0 

0.975 

21.3 

27. 07 

3.69 

70.0 

0.927 

15.4 

18.20 

5. 49 

80.0 

0.877 

8.8 

9.65 

10. 36 

90.0 

0.831 

2.8 

2.88 

34.71 

a 92. 3 

0.822 

2.0 

2.04 

49.00 

95.0 

0. 812 

1.3 

1.32 

75.93 

100.0 

0. 795 

0.6 

0.60 

165. 70 

a U.  S.  Pharmacopa  ia  strength. 


CAMPHORIC  ACID. 

The  solubility  of  camphoric  acid  in  aqueous  alcohol  solutions  at 
25° . — The  material  used  for  the  solubility  determinations  was  pure 
white  crystalline  powder,  and  when  analyzed  by  titrating  weighed 
portions  with  standard  alkali,  using  phenolphthalein  as  indicator,  gave 
results  indicating  a purity  of  practically  100  per  cent.  The  sample 
was  dextro  rotatory.  The  melting  point  was  found  to  be  184°  to 
187°  (cor).  Two  series  of  solubility  determinations  were  made;  the 
time  allowed  for  the  attainment  of  saturation  was  four  days  in  one 
case  and  six  in  the  other.  The  saturated  solutions  were  analyzed 
by  evaporating  and  drying  the  residue  to  constant  weight  at  100°. 
A blank  test  made  at  the  same  time  showed  that  the  original  sample 
lost  practically  nothing  when  dried  under  the  same  conditions. 

The  curve  drawn  from  the  results  obtained  is  interesting  in  that  a 
maximum  point  occurs  at  about  85  weight  *per  cent  alcohol.  It  is 
therefore  seen  that  although  the  solubility  of  camphoric  acid  increases 
very  rapidly  with  increase  of  alcoholic  strength  through  the  greater 
part  of  its  length,  beyond  a concentration  of  about  85  weight  per  cent 
alcohol  a diminution  of  solubility  occurs  and  less  camphoric  acid  is 
dissolved  by  absolute  than  by  alcohol  of  the  U.  S.  Pharmacopoeia 
strength. 
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Table  No.  XIII. — Solubility  of  camphoric  acid  in  aqueous  alcohol  solutions  at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

C8lIn(COOH)2 

Specific 
gravity 
at  15°. 

Percent  by 
weight  of 
CsHsOH. 

per  100  grams 
saturated 
solution. 

1.000 

0.0 

1.000 

Grams. 

0. 754 

0. 9856 

8.9 

1.000 

1.239 

0. 9545 

32.0 

1.000 

16.29 

0. 9164 

51.0 

1.000 

38.61 

0. 8718 

70.2 

1.000 

48.  95 

0. 8401 

83.0 

0. 985 

51.46 

0. 8189 

91.4 

0. 980 

51.13 

0. 8048 

96.3 

0. 970 

50.  37 

0. 7941 

99.8 

0.960 

50.13 

CALCULATED  DETERMINATIONS. 

The  above  results  plotted  on  cross  section  paper  gave  a curve  from 
which  the  following  figures  were  read  or  calculated. 


Per  cent  by 
weight  of 
alcohol 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

C8HM(COOH)2per 
100  grams. 

Solvent  to  dis- 
solve 1 gram 
C8Hh(COOH)j. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.000 

0. 754 

0. 76 

131. 60 

10.0 

1.000 

1.6 

1.63 

61.50 

20.0 

1.000 

6.3 

6.72 

14.87 

30.0 

1.000 

14.0 

16.28 

6. 14 

40.0 

1.000 

26.0 

35. 14 

2.84 

50.0 

1.000 

38.0 

61.30 

1.63 

60.0 

1.000 

45.0 

81.81 

1.22 

70.0 

1.000 

49.0 

■96. 12 

1.04 

80.0 

0.995 

51.2 

104.9 

0. 95 

85.0 

0.  987 

51.6 

106.6 

0. 94 

90.0 

0. 980 

51.4 

105.8 

0. 945 

0 92.3 

0. 977 

51.1 

104.5 

0. 957 

95.0 

0. 974 

50.8 

103.2 

0.  %8 

100.0 

0.960 

50.1 

100.4 

0.996 

o U.  S.  Pharmacopoeia  strength. 


The  statements  of  the  solubility  of  camphoric  acid  as  quoted  in  the 
literature  are  very  variable.  For  water  they  range  between  1 part 
acid  per  160  parts  water  at  12°  (Beilstein)  to  1 part  in  125  water  at 
25  (U.  S.  P.).  The  present  results  indicate  that  the  correct  figure 
is  1 part  in  131.6  parts  water  at  25°.  For  alcohol  even  wider  varia- 
tions are  to  be  found.  Thus,  Beilstein  gives  1 part  in  0.89  parts 
alcohol  at  15.5°  and  Hager  “ quotes  1 part  in  1.3  parts  alcohol.  This 
di\ergence  piobably  accounts  for  the  fact  that  no  figure  is  quoted  bv 
the  U.  S.  Pharmacopoeia  and  only  the  description  “readily  soluble  in 
alcohol  is  given.  The  present  results  show  that  1 part  camphoric 
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acid  requires  0.957  grams  of  U.  S.  Pharmacopoeia  alcohol  (of  92.3 
weight  per  cent)  for  solution. 

The  complete  results  which  were  obtained  are  given  in  Table  No. 
XIII,  and  the  curve  shown  in  figure  4. 

Solubility  of  camjfhoric  acid  in  organic  solvents. — In  addition  to  the 
solubility  determinations  in  aqueous  alcohol  solutions  a series  was 
made  in  a large  number  of  organic  solvents.  The  solvents  were 
described  in  connection  with  benzoic  acid  (p.  24).  The  time  of  rota- 
tion was  two  days;  the  dissolved  acid  was  determined  by  titration 
with  0.1  N NaOII  or  N NaOH  in  the  cases  where  much  acid  was 
present.  The  results  are  given  in  Table  No.  XIV.  It  will  be  noted 
that  with  the  exception  of  absolute  alcohol,  ether  and  amyl  alcohol 
are  the  only  solvents  which  dissolve  large  amounts  of  camphoric  acid. 
The  result  for  ether  is  almost  twice  that  quoted  by  Hager,®  viz,  1 part 
in  1.8  parts;  that  is,  55  grams  per  100  grams  ether,  and  likewise  the 
present  figure  for  chloroform  is  higher  than  the  quoted  value  of  1 part 
per  1,000.  The  present  result  for  carbon  bisulphide  confirms  the 
statement  given  in  Beilstein  in  regard  to  the  practical  insolubility 
of  camphoric  acid  in  this  solvent. 


Table  No.  XIV. — Solubility  of  camphoric  acid  in  organic  solvents  at  25°. 


Specific 
gravity 
of  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

C8lIn(COOH)2  dissolved  per— 

Solvent  to 

Solvent. 

100  grams 
saturated 
solution. 

100  grams 
solvent. 

100  c.  c. 
solvent. 

dissolve 
1 gram 

CgHidCOOH)*. 

Amvl  alcohol  (Iso) 

d»=0. 817 

0. 907 

Grams. 
33.  320 

Grams. 

50.000 

Grams. 
40. 800 

Grams. 

2.0 

Alcohol  (abs.]L 

(I25— 0.  785 

0. 960 

50. 100 

100. 400 

78.800 

0. 996 

Benzene 

ds5=0. 873 

0.  873 

0.008 

0.008 

0. 007 

12, 500. 0 

Carbon  bisulphide 

d26=  1.258 

1.258 

0. 020 

0.020 

0.025 

5,000.0 

Chloroform 

dj2=  1.476 
d2o=0.  8Q3 

0. 153 

0. 153 
0. 197 

0.230 

0.170 

652.5 

Cumene 

0.890 

0. 197 

506.5 

Ether  (abs.) 

d22=0.  711 

0.  922 

47. 750 

91.400 

65.000 

1.094 

Ligroin 

d26=0.714 

0.714 

0. 007 

0. 007 

0.005 

14, 290. 0 

Nitro  benzene 

d25=  1.205 

1. 198(?) 

0.500 

0.500 

0. 600 

199.0 

Spirits  of  turpentine 

djo=  0.865 

0.852 

1.710 

1.740 

1.500 

57.6 

Toluene 

d25=  0.  864 

0. 862 

0. 151 

0. 150 

0.130 

661.2 

W ater 

d ,=  1.000 

1.  (X)0 

0.  754 

0.  760 

0. 760 

131.6 

Xylene 

d26=  0.861 

0.  859 

0.233 

0.230 

0.200 

427. 9 

CITRIC  ACID  AND  THE  CITRATES. 

Solubility  of  citric  acid  in  aqueous  alcohol  solutions. — The  material 
used  for  the  following  solubility  determinations  was  in  the  form  of 
rather  large  clear  crystals.  The  analysis  by  titration  with  normal 
alkali  using  phenolphthaleine  as  indicator  gave  an  average  of  100.1 
per  cent  (CPl2)2C(OH)  (COOH)3  + IIjO.  For  the  first  series  of  solu- 
bility determinations  an  excess  of  the  original  sample  of  citric  acid 

® Handbuch  der  Pharmaceiitischen  Praxis.  (1903.) 
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was  added  to  each  of  the  alcoholic  solvents  and  the  tubes  rotated  three 
days.  After  this  time  it  was  observed  that  the  solid  phase  in  the  tubes 
of  higher  alcoholic  concentration  had  changed  from  its  original  crystal- 
line form  to  a more  or  less  opaque  powder,  indicating  that  dehydra- 
tion had  occurred  at  about  70  to  80  weight  per  cent  alcohol.  The 
clear  saturated  solutions  were  withdrawn  as  usual  and  the  dissolved 
citric  acid  determined  by  titration  with  normal  alkali.  The  results 
calculated  to  the  hydrated  citric  acid  gave  a curve  with  a slight  but 
unmistakable  irregularity  at  the  alcoholic  concentration  correspond- 
ing to  the  change  of  solid  phase.  Wlien  the  figures  for  the  alcoholic 
solutions  containing  the  opaque  solid  phase  were  calculated  to  the 
anhydrous  acid  the  curve  then  lay  below  and  almost  parallel  to  the 
curve  for  the  hydrated  acid  and  gave  no  indication  of  there  being  a 
point  of  intersection  of  the  two,  as  would  be  expected  if  the  solid  phase 
had  changed  completely.  The  dehydration  by  the  stronger  alcoholic 
solvents  therefore  appeared  incomplete,  and  it  was  decided  to  prepare 
a quantity  of  the  anhydrous  acid  by  drying  and  use  it  as  the  solid 
phase  for  a series  of  determinations.  The  dehydration  of  the  sample 
was  effected  by  drying  in  an  oven  at  approximately  85°  for  about 
twenty-four  hours.  The  analysis  showed  the  material  thus  dried  to 
contain  98.9  per  cent  anhydrous  citric  acid.  All  of  the  determinations 
made  with  the  dehydrated  acid  as  solid  phase  except  the  two  in  which 
water  alone  and  8.9  per  cent  alcohol  were  the  solvents  gave  a per- 
fectly regular  curve  lying  some  distance  below  the  values  for  the 
anhydrous  acid  calculated  from  the  determinations  made  by  starting 
with  the  hydrated  acid.  In  the  case  of  the  water  and  8.9  per  cent 
alcohol  the  anhydrous  acid  was  conyerted  to  the  crystalline  compound 
and  the  results  agreed  exactly  with  the  determinations  made  with 
hydrated  citric  acid  as  the  solid  phase.  By  calculating  all  of  the 
results  obtained  with  the  hydrated  citric  acid  to  anliydrous  acid  a 
curve  was  obtained  which  lay  below  the  curve  for  the  anhydrous  acid 
in  the  dilute  alcohol  solutions,  and  above  the  latter  in  the  more  con- 
centrated alcohol  solutions.  It  may  be  concluded,  therefore,  that  the 
tendency  for  the  hydrated  form  of  citric  acid  to  be  converted  to  the 
anhydrous  or  vice  versa  in  aqueous  alcohol  solutions  is  very  slight, 
and  that  whatever  form  of  the  acid  is  used  as  the  solid  phase,  the 
change  to  the  other  form  takes  place  very  gradually.  The  pecul- 
iarity in  connection  with  the  curves  showing  the  solubility  of  the 
hydrated  and  anhydrous  forms  of  citric  acid  is  that  they  lie  so 
nearly  parallel  that  there  is  no  intersection  corresponding  to  a true 
transition  point  as  has  been  shown  in  the  case  of  the  zinc  and  lead 
acetate  curves. 
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Table  No.  XV. — The  solubility  of  citric  acid  in  aqueous  alcohol  solutions  at  25°. 
EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solu- 
tion at  25°. 

(CIDjCOH 
(COOH),-f 
HjO  per  100 
grams  satu- 
rated solution. 

1 

Specific 
gravity  at  15®. 

Per  cent  by 
weight  of 
C2H,0H. 

Dist  ILO 

0.0 

1.311 

Grams. 

67.5 

0.985-1 

8.9 

1.302 

66.9 

0.  9515 

32.0 

1.  270 

65.3 

0.  9104 

51.0 

1.  230 

63.2 

0.  8718 

70.2 

1. 193 

O60.7 

0. 8441 

81.5 

1. 156 

a ,57.  6 

0.  8190 

91.  4 

1. 121 

0 54.  1 

0.  7941 

99.9 

1.069 

0 49.9 

a Solid  phase  changed  more  or  less  completely  during  the  period  of  saturation  from  crystalline  to  opaque 
appearance. 


CALCULATED  RESULTS. 


The  above  results  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  figures  were  obtained: 


Per  cent  by 
Weight  of 
CjHsOH  in 
solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

(CIT2)2C0H(C00H)3 
+ H2O  per  100  grams. 

Solvent  to 
dissolve  1 
gram  (CIl2)2 
COH 
(COOII)3 
+ II2O. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.311 

67.5 

207.7 

0.  481 

10.0 

1. 300 

66.8 

201.2 

0.  497 

20.0 

1.  286 

66.0 

194. 1 

0.515 

30.0 

1.272 

65.3 

188.2 

0. 531 

40.0 

1.257 

64.3 

180. 1 

0. 555 

50.0 

1.  237 

63.3 

172.5 

0. 580 

60.0 

1.  216 

62.0 

163. 1 

0.  613 

70.0 

1. 192 

60.8 

155. 1 

0.  645 

80.0 

1.  163 

58. 1 

138.7 

0.  721 

90.0 

1.  125 

54.7 

120.  8 

0.828 

92.3 

1. 114 

53.7 

116.0 

0.  862 

9.5.0 

1. 100 

52.4 

no.  1 

0.908 

100.0 

1.  068 

49.8 

99.2 

1.008 

Table  No.  XVI. — Solubility  of  anhydrous  citric  acid  in  aqueous  alcohol  solutions  at  25° . 

EXPERIMENTAL  DETERMINATIONS. 

[Solid  phase — Anhydrous  salt.] 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solu- 
tion at  25°. 

(CH2)2C0H 
(COOH)3per 
100  grams 
saturated 
solution. 

Specific 
gravity  at 
15°‘. 

Percent  by 
weight  of 
C2lI,OH. 

0.  9545 

,32.  0 

1.268 

Grams. 

60.6 

0.  9164 

51.0 

1. 216 

57. 1 

0.  8718 

70.2 

1. 160 

51.9 

0.  8441 

81.5 

1. 115 

47.9 

0.  8190 

91.4 

1.057 

4.3.0 

j 0. 7941 

99.9 

1.010 

38.4 
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Table  No.  XVI. — Solubility  of  anhydrous  citric  acid  in  aqueous  alcohol  solutions  at 

25° — Continued. 

CALCULATED  RESULTS. 


Per  cent  by 
Weight  of 
CUfsOIl  in 
solvent. 

Specific  grav- 
ity of  satu- 
rated solu- 
tion at  25°. 

(CPl2)2COn 
(CO  OH  )3  per 
100  grams 
saturated 
solution. 

20 

1.297 

Grams. 

02.3 

40 

1.240 

59.0 

00 

1. 190 

54.  8 

70 

1. 100 

52.2 

80 

1. 120 

48.5 

90 

1.  005 

43.7 

100 

1.010 

38.3 

The  analytical  results  upon  the  ordinary  and  anhydrous  forms  of 
citric  acid  are  o;iven  in  Tables  Nos.  XV  and  XVI  and  the  curves  shown 
in  figure  3.  It  will  be  seen  that  the  present  values  dififer  con- 
siderably from  those  quoted  by  the  U.  S.  Pharmacopoeia,  which  in 
terms  of  grams  of  citric  acid  per  100  grams  of  water  and  of  alcohol 
would  be  185  and  64.5,  respectively,  instead  of  207.7  and  116.0  as 
given  in  Table  No.  XV.  The  values  quoted  by  other  reference  books 
also  differ  considera])ly  from  those  here  shown,  but  since  they  prob- 
ably refer  to  a temperature  of  15°  a strict  comparison  can  not  be 
made.  It  should  be  mentioned,  however,  that  the  differences  can 
not  be  accounted  for  entirely  on  the  basis  of  temperature,  since  a few 
results  seem  to  show  that  the  solubility  of  citric  acid  increases  com- 
paratively little  with  temperature,  while  most  of  the  values  to  be 
found  for  the  solubility  in  cold  water  and  alcohol  are  only  a little 
more  than  one-half  the  quantities  indicated  by  the  present  deter- 
minations, which  were  made  at  25°  C. 

Solubility  of  citric  acid  in  organic  solvents. — The  determinations  were 
made,  as  already  described,  with  the  same  organic  solvents  used  for 
benzoic  and  camphoric  acids.  Both  the  hydrated  and  anhydrous 
citric  acid  were  used,  and  it  is  seen  that  the  latter  is  the  less  soluble 
of  the  two  in  all  cases.  The  results  are  given  in  Table  XVII.  An 
examination  of  the  literature  shows  that  in  addition  to  water  and 
alcohol,  results  are  given  for  none  of  the  solvents  included  in  the  table, 
except  ether.  The  results  quoted  for  ether  are  quite  variable;  thus 
100  parts  of  ether  dissolve,  according  to  the  IT.  S.  Pharmacopoeia, 
5.5  parts  of  citric  acid,  2 parts  according  to  Hager,  and  9.1  parts  are 
reported  by  Beilstein.  These  variations  are  easily  explained  by  the 
fact  that  the  solubility  of  citric  acid  is  very  great  in  water  and  in 
alcohol,  and  therefore  the  presence  of  either  of  these  solvents  in  the 
ether  used  for  the  determinations  would  account  for  the  different 
values  reported.  A few  results  obtained  by  me  with  ether  from  a 
can  which  had  been  opened  for  some  time  illustrated  this  point  very 
forcibly.  The  values  were  from  about  30  to  80  per  cent  higher  than 
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those  given  in  the  tables  for  absolute  ether.  The  figures  are  not  given 
herewith,  however,  since  the  actual  composition  of  the  ether  was  not 
known,  and  they  therefore  have  no  especial  interest. 


Table  No.  XVII. — Solubility  of  citric  acid  in  several  organic  solvents  at  25°. 
SOLUBILITY  OF  HYDRATED  CITRIC  ACID. 


Solvent. 

Specific 
gravity 
of  solvent. 

(I23  of  sat- 
urated 
solution. 

(CH2)2C(OH)(COOH)3-fIl20 
dissolved  per— 

Solvent  to 
dissolve  1 
gram  (CH2)2 
C(OH) 
(C00H)3 
+H2O. 

100  grams 
solution. 

100  grams 
solvent. 

100  c.  c. 
solvent. 

Amyl  acetate 

Amyl  alcohol  (iso) 

Ethyl  alcohol  (abs.) 

Ethyl  acetate 

Ether  (abs.) 

Chloroform. 

(120=0.8750 
(120=0.8170 
di5=0. 7940 
(125=0.8915 
(322=  0 . 7110 
(122=1.4700 

0.8917 
0. 8774 
1.0090 
0.9175 
0.7228 
1. 48,50 

Grams. 
5.980 
15. 430 
49. 800 
5. 270 
2.174 
0.007 

Grams. 
0. 3ti0 
18. 240 
99.200 
5.570 
2.223 
0.007 

Grams. 
5.07 
16. 01 
78. 75 
5.11 
1.00 
0.01 

Grams. 

15. 090 
5.480 
1.008 
17.950 
45.  (XK) 
14,290.0 

The  amounts  of  citric  acid  dissolved  by  the  following  solvents  were 
too  small  for  estimation: 

Benzene,  carbon  bisulphide,  carbon  tetrachloride,  toluene. 

SOLUBILITY  OF  ANHYDROUS  CITRIC  ACID. 


Solvent. 

Specific 
gravity 
of  solvent. 

(I23  of  sat- 
urated 
solution. 

(CH.2)2C(0H)(C00H)3 
dissolved  per — 

Solvent  to 
dissolve  1 
gram  (CH2)2 
C(OH) 
(COOH)s. 

100  grams 
solution. 

100  grams 
solvent. 

100  c.  c. 
solvent. 

Amyl  acetate 

Ethyl  alcohol  (abs.) 

Ether  (abs.) 

Chloroform 

d2o=0. 875 
d,i=  0.794 
(122=0.711 
d22=1.476 

0.8801 

1.0100 

0.71(i0 

1.4880 

Grams. 

4.22 

38.40 

1.05 

None. 

Grams. 

4.41 

62.20 

1.00 

None. 

Grams. 
3. 900 
49. 4(X) 
0. 7,57 
None. 

Grams. 

22.70 

1.01 

94.50 

Solubility  of  bismuth  citrate  in  aqueous  alcohol  solutions. — Although 
the  U.  S.  Pharmacopmia  gives  the  ordinary  formula  for  neutral  bis- 
muth citrate,  the  purity  rubric  requires  simply  that  the  preparation 
contain  56  to  58  per  cent  bismuth  oxide.  The  theoretical  percentage  of 
bismuth  oxide  according  to  the  formula  is  58.43,  and  therefore  the  varia- 
tion allowed  by  the  pharmacopceia  corresponds  to  a range  of  purity 
from  95.94  to  99.24  per  cent.  The  determination  of  the  bismuth 
oxide  according  to  the  pharmacopoeial  method  offers  considerable  dif- 
ficulties. The  original  ignition  of  the  sample  is  easily  accomplished, 
but  the  subsequent  evaporation  of  the  excess  of  nitric  acid  which  must 
be  added  is  attended  by  creeping  of  the  liquid  over  the  etlge  of  the 
crucible;  furthermore,  just  as  the  last  of  the  excess  of  nitric  acid  is 
being  driven  off  a slight  explosion  of  the  nitrate  usually  occurs,  due 
to  the  presence  of  undecomposed  carbon,  and  therefore  leads  to  a 
probable  loss  of  a portion  of  the  residue.  A determination  of  the 
bismuth  in  the  sample  used  for  the  solubility  experiments  gave  0.553 
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gram  per  ,1.0  gram  of  sample,  which  is  slightly  below  the  phar- 

macopoeia! requirement,  and  corresponds  to  a purity  of  94.02  per 
cent.  This  result  may,  however,  be  low,  since  it  is  not  certain  that 
no  loss  occurred  during  the  determination.  With  a compound  hav- 
ing the  more  or  less  uncertain  composition  of  the  present  one,  no  very 
precise  solubility  results  could  be  expected.  The  following  deter- 
minations therefore  represent  only  approximate  values.  The  time 
of  shaking  was  four  days  at  25°  C.  Three  tubes  were  prepared,  the 
solvents  being  water,  51  and  91.4  weight  per  cents  alcohol.  The 
saturated  solutions  were  evaporated  to  dr^mess  in  weighing  bottles 
and  the  residues  weighed.  The  following  results  were  obtained: 


Per  cent  by 

BiCfillaO; 

weight  of 

per  100  grams 

CoHsOH  in 

saturated 

solvent. 

solution. 

Grom.'. 

0.0 

0.011 

51.0 

0.04! 

91.4 

0. 0(i5 

Solubility  of  bismuth  and  ammonium  citrate  in  aqueous  alcohol. — A 
formula  is  not  given  by  the  pharmacopoeia  for  this  compound,  and 
the  requirements  of  bismuth  content  covers  a wider  range  than  in 
the  case  of  bismuth  citrate.  The  allowable  content  according  to 
the  pharmacopoeial  purity  rubric  is  46  to  50  per  cent  bismuth  oxide. 
The  same  sources  of  error  are  present  in  the  quantitative  method  of 
determination  of  the  bismuth  as  have  already  been  pointed  out  for 
the  bismuth  citrate  with  the  further  difficulty  due  to  decrepitation 
during  the  initial  ignition.  The  content  of  bismuth  oxide  in  the 
sample  used  for  the  solubility  determinations  was  found  to  be 
0.475  gram,  B^Og  per  1.0  gram,  thus  well  within  the  limit  given  by 
the  pharmacopoeia.  The  following  solubility  results  are  therefore 
probably  fairly  representative  of  the  product  as  described  by  the 
pharmacopoeia.  For  these  determinations  the  tubes  were  rotated 
at  25°  four  days;  the  weighed  saturated  solutions  were  transferred 
to  porcelain  crucibles,  evaporated  to  dryness,  and  the  residue  con- 
verted to  bismuth  oxide  and  weighed.  The  weight  of  the  original 
material  was  calculated  by  dividing  by  the  percentage  of  BigOg  found 
in  the  sample  used  for  the  determinations.  The  results  were  as 
follows : 


Per  cent  by 
weight  of 
CsHsOH  in 
solvent. 

Specific  grav- 
ity of  satu- 
rated solution 
at  25°. 

Bi  and  NH< 
citrate  per  100 
grams  satu- 
rated solu- 
tion. 

Grams. 

0.0 

1.25 

22.25 

51.0 

0. 92 

1.34 

91.4 

0.81 

None. 
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The  only  statement  in  regard  to  the  solubility  of  bismuth  and 
ammonium  citrate  given  in  the  pharmacopoeia  is  to  the  effect  that 
it  is  very  soluble  in  water  and  sparingly  soluble  in  alcohol.  The 
present  results  therefore  will  serve  to  give  a somewhat  better  idea 
in  regard  to  solubility  of  this  substance  in  these  two  solvents  than 
could  have  previously  been  obtained. 

Soluhility  of  lithium  citrate  in  aqueous  alcohol  solutions. — The 
pharmacopoeial  quantitative  method  of  analysis  of  this  compound 
requires  that  the  weighed  sample  be  dried  at  150°  and  then  cau- 
tiously ignited,  after  which  the  charred  residue  is  converted  to 
lithium  sulphate  by  repeated  additions  of  concentrated  sulphuric 
acid  and  careful  ignitions.  The  drying  at  150°  appears  to  be  unnec- 
essary, since  the  water  of  crystallization  can  be  satisfactorily  removed 
by  heating  with  care  over  the  free  flame.  There  appears  some 
advantage  in  adding  anhydrous  ammonium  sulphate  and  mixing 
after  the  dehydration  and  before  proceeding  to  the  ignition.  The 
use  of  ammonium  sulphate  does  not,  however,  obviate  the  necessity 
for  adding  concentrated  sulphuric’  acid  repeatedly  to  obtain  the 
required  white  residue.  In  attempting  to  determine  the  water  of 
crystallization  of  a sample  by  drying  at  150°  it  was  found  that  the 
loss  of  weight  was  very  gradual,  so  that  even  after  a total  of  about 
fifteen  hours’  drying  with  the  temperature  as  high  as  175°  constant 
weight  had  not  been  obtained.  The  loss  of  moisture  corresponded 
to  23.4  per  cent  instead  of  the  theoretical  25.0  per  cent  for  4 mole- 
cules of  water  of  crystallization.  The  determination  of  the  lithium 
in  this  sample  as  above  outlined  gave  results  corresponding  to  98.4 
per  cent  (CH2)2C0H(C00Li)3  + 4H20.  The  acidity  calculated  as 
citric  acid  corresponded  to  0.35  per  cent.  Although  this  result 
shows  that  the  sample  is  practically  up  to  the  pharmacopoeial  require- 
ment of  98.5  per  cent,  it  was  thought  desirable  to  prepare  material 
of  better  quality  if  possible.  This  was  done  by  recrystallization 
from  alcohol  of  about  50  per  cent  strength.  The  hot  saturated 
alcoholic  solution  showed  some  tendency  to  separate  into  two  layers, 
but  on  standing  crystals  began  to  separate  from  the  lower  portion 
of  the  solution,  and  on  stirring  the  mixture  was  apparently  uniform. 
Upon  a further  cooling  a good  crop  of  crystals  was  obtained.  They 
were  washed  once  with  strong  alcohol,  dried  in  an  ordinary  desiccator 
over  night,  and  for  a few  minutes  at  40°  to  50°.  The  analysis  gave 
results  corresponding  to  a purity  of  99.3  per  cent  (CH2)2COH 
(C00Li)3  4-4H20. 

The  solubility  determinations  were  made  with  both  the  original 
and  recrystallized  samples,  but  no  differences  in  the  values  obtained 
could  be  definitely  ascribed  to  a difference  of  purity  of  the  two 
samples.  Three  series  of  determinations  were  made  and  the  time 
of  shaking  varied  from  two  to  three  days.  All  of  the  points  except 
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one,  viz,  that  for  17.0  weight  j)er  cent  alcohol  fell  on  the  very  regular 
curve  (see  fig.  3)  drawn  through  them.  It  is  probable  that  in 
this  one  case  the  discrepancy  was  due  to  some  error  for  which  I 
am  unable  to  account.  The  value  is  given  in  Table  No.  XVIII, 
however,  for  the  sake  of  completeness,  but  it  is  not  used  in  obtaining 
the  interpolated  results  for  regular  intervals  of  alcoholic  strengths. 

The  analyses  of  the  saturated  solutions  were  made  by  evaporating 
in  weighing  bottles  and  drying  the  residues  to  practically  constant 
weight  at  170°  to  180°.  Portions  of  the  residues  were  then  used 
for  lithium  determinations  by  igniting  and  converting  to  lithium 
sulphate,  and  these  results  served  as  checks  upon  the  thoroughness 
of  the  drying  process. 

In  comparison  with  the  present  results  it  will  be  seen  that  the 
figures  quoted  by  the  pharmacopceia  are  very  much  too  low. 


Table  No.  XVIII. — Solubility  of  lithium  citrate  in  aqueous  alcohol  solutions  at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  saturated 
solution  at  25°. 

(CH2)2C0H 
(COOLi)s 
-I-4H2O  per 
100  grams  satu- 
rated solution. 

d„. 

Per  cent  by 
weight  of 
CsHsOH. 

Dist.  HjO 

0.0 

1. 2160 

Grams. 

42. 70 

0.9856 

8.9 

1. 1570 

33.50 

a (0.  9752 

17.0 

1. 1150 

29. 00) 

0. 9628 

26.4 

1. 0430 

18.  50 

0. 9359 

41.7 

0. 9692 

7.90 

0. 9164 

51.0 

0. 9296 

4.40 

0. 8718 

70.2 

0. 8674 

0.  54 

0. 8234 

89.6 

0. 8166 

0.  06 

0.  7941 

99.9 

0.7883 

0.02 

“This  determination  not  used  in  plottiuj^  the  curve. 


CALCULATED  RESULTS. 


The  above  figures  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  results  were  obtained: 


Per  cent  by 
weight  of 
C2H6OH 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

(CH2)2COH(COOLi)3 
-hlino  per  100  grams. 

Solvent  to 
dissolve  1 
gram  (CH2)2 
COH 
(COOLi)s 
+4H2O. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0 

1.216 

42.  70 

74.50 

1.34 

10 

1.150 

33.00 

49.  30 

2. 03 

20 

1.083 

24.  30 

32. 10 

3.12 

30 

1.025 

15.80 

18.80 

5.33 

40 

0.976 

8.80 

9.65 

10.  36 

50 

0.  933 

4.70 

4.93 

20.  30 

0.897 

2.20 

2.  25 

44.  50 

70 

0.  867 

0.60 

0.60 

165.  80 

80 

0.838 

0. 30 

0.30 

332.  40 

100 

0.788 

0. 02 

0. 02 

4, 999. 00 
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Soluhility  of  potassium,  citrate  in  aqueous  alcohol. — This  salt  belongs 
to  that  group  of  compounds  which  has  the  power  of  separating  mix- 
tures of  alcohol  and  water  into  layers  consisting  of  more  or  less  pure 
alcohol  as  the  upper  and  the  aqueous  salt  solution  as  the  lower.  A 
systematic  search  for  the  members  of  this  group  of  compounds  was 
made  some  years  ago  by  Linebarger,®  and  although  a number  were 
found  no  experiments  were  made  with  citrates,  and  therefore  the  fact 
that  postassium  citrate  possesses  this  power  of  forming  layers  with 
aqueous  alcohol  solutions  was  overlooked. 

The  sample  of  potassium  citrate  used  for  the  solubility  determina- 
tions described  in  the  following  pages  was  purified  by  recrystallization 
from  the  hot  aqueous  solution,  washing  with  absolute  alcohol  and 
ether  and  drying  in  an  air  bath  at  130°-150°  for  five  hours.  The 
statement  of  the  pharmacopoeia  that  the  salt  begins  to  lose  water  at 
as  low  as  100°  is  evidently  incorrect,  since  the  present  sample  retained 
its  water  of  crystallization  even  when  heated  to  150°.  The  analysis 
by  igniting  and  titrating  the  residue,  as  described  under  sodium  ben- 
zoate (p.  — ),  gave  98.6  per  cent  (CIl2)2C0II(C00K)3  + Il20.  The 
acidity  calculated  as  citric  acid  corresponded  to  0.94  per  cent. 

The  solubility  determinations  were  matle  by  adding  an  excess  of  the 
salt  to  about  10  to  15  cubic-centimeter  portions  of  the  several  alcohol 
solutions  of  known  strengths  and  rotating  the  tubes  for  five  days  at 
25°.  After  this  time  they  were  each  removed  in  a beaker  filled  with 
the  water  of  the  constant  temperature  bath  and  as  much  as  possible 
of  each  layer  drawn  into  a pycnometer  by  means  of  the  suction  siphon 
described  in  the  first  part  of  this  bulletin  (p.  11).  In  the  case  of  sev- 
eral of  the  solutions  enough  of  both  la}^ers  to  fill  the  pycnometer  could 
not  be  obtained,  and  therefore  the  specific  gravity  could  not  be  cal- 
culated. A dotted  line  in  the  Table  No.  XIX  indicates  that  the  deter- 
mination could  not  be  made  on  account  of  there  being  too  little  of  the 
solution.  After  weighing  the  saturated  solution  in  those  cases  where 
two  layers  were  present  it  was  transferred  to  a distilling  bulb,  diluted 
with  several  times  its  volume  of  water,  the  alcohol  distilled  and  its 
amount  determined  by  the  pycnometer  method.  The  aqueous  solu- 
tion remaining  after  the  distillation  was  transferred  to  a weighing 
bottle,  evaporated  to  dryness,  and  the  residue  weighed  after  being 
dried  to  constant  weight  at  150°.  The  composition  of  the  residues 
was  ascertained  in  most  cases  by  a determination  of  the  potassium  in 
the  manner  mentioned  for  the  original  material  used  for  the  solubility 
experiments.  In  those  cases  where  the  residues  came  from  the  strong 
alcoholic  solutions  or  upper  layers,  that  is,  with  relatively  very  little 
of  the  salt  present,  the  correction  for  im])urity  on  the  basis  of  the 
potassium  determinations  was  very  great. 


«Am.  Chem.  Jour.,  14,  380,  1892. 


42 

Table  No.  XIX.— Solubility  of 'potassium  citrate  in  aqueous  alcohol  solutions  at  25°  C. 


No. 

Per  cent  by 
weight  of 
CjHsOH  in 
original 
solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

Per  cent  by 
weight  of 
C2II5OH  in 
saturated 
solution. 

(CHj)  2COH 
(COOK)s 
+ H2O  per 
100  grams 
saturated 
solution. 

Grams. 

1 

0.0 

1. 5180 

0.0 

64.50 

2 

8.9 

1 6 1. 4920 

0.0 

60.00 

[a  

0.2 

3 

32.0 

1 6 1. 4930 

0.0 

61.60 

65.1 

0.  38 

4 

51.0 

|. 

— 

62.50 

f a 0. 8366 

81.0 

0.10 

5 

70.2 

K 

• a • * 

62. 30 

6 

81.4 

0. 8356 

81.4 

0.038 

7 

91.6 

0. 8139 

91.6 

0. 016 

8 

99.9 

0.  7896 

99.9 

0. 014 

« Upper  layer.  * Lower  layer. 


One  hundred  grams  H2O  dissolve  181.8  grams  (CH2)2COH(COOK) 
+ IT2O  or  1 gram  of  the  salt  requires  0.55  grams  HjO  for  solution 
at  25°. 

The  results  which  were  obtained  are  given  in  Table  No.  XIX  and 
show  that  two  layers  are  formed  in  alcoholic  solutions  of  less  than  80 
weight  per  cent  alcohol.  An  interestmg  point  is  that  in  the  lower 
layers  of  Nos.  2 and  3 although  no  alcohol  could  be  found,  the  amounts 
of  citrate  dissolved  were  considerably  less  than  in  tube  No.  1 in 
which  the  solvent  was  water.  In  the  case  of  the  solutions  of  high 
alcoholic  content  the  solubility,  as  might  be  expected,  diminishes 
with  increase  of  alcohol.  In  those  cases,  how^ever,  where  the  alco- 
holic solution  was  in  contact  with  the  aqueous  layer  this  relation  is 
apparently  not  so  rigid,  as  will  be  seen  by  comparing  the  figure  for 
tube  No.  6 with  that  for  the  upper  layer  of  tube  No.  5 and  also  the 
case  of  the  upper  layer  of  tube  No.  3,  which  can  only  be  explained 
on  the  assumption  that  the  alcoholic  concentration  is  greater  than 
in  the  upper  layer  of  tube  No.  4. 

A comparison  of  the  results  here  shown  with  those  quoted  by  the 
U.  S.  Pharmacopoeia  shows  that  the  present  figure  for  water  is  con- 
siderably lower  than  that  quoted,  which  is  1 part  of  salt  in  0.5  parts 
of  water  at  25°,  or  200  grams  of  salt  per  100  grams  of  water.  Of  the 
other  results  found  in  the  literature  for  the  solubility  in  water  that 
of  Greenish  and  Smith  “ for  15.5°  is  given  as  1 part  in  0.65  parts  of 
water,  the  dig  of  the  saturated  solution  being  1.519.  If  this  result 
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is  calculated  to  the  basis  selected  for  stating  the  present  results  it  is 
seen  that  their  value  becomes  162.9  grams  (CH2)2COII(COOK)3  + 
II2O  per  100  grams  of  HjO.  Another  figure  for  the  solubility  of  potas- 
sium citrate  in  water  is  given  by  Kohler,®  who  finds  that  100  grams 
H2O  dissolves  169.7  grams  anhydrous  potassium  citrate  at  31.25°. 
This  result  calculated  to  the  hydrated  salt  becomes  199.9  grams 
(Cl  12)20011  (C00K)3  + H2O  per  100  grams  of  II2O  at  31.25°.  Con- 
sidering, therefore,  the  three  available  determinations,  we  have  for 

15.5°,  162.9  grams  (CH2)2C0H(C00K)3+H20  per  100  grams  H2O 
25.0°,  181.9  grams  (CH2)2C0H(C00K)3+Il20  per  100  grams  H2O 
31.25°,  199.9  grams  (CH2)2C0H(C00K)34-H20  per  100  grams  II2O 

from  which  the  following  interpolated  values  are  obtained : 


t° 

(CH2)sCOH(COOK)3+HjO 
per  100  grams. 

Saturated 

solution. 

Water. 

Orams. 

Orams. 

15 

61.8 

162.  0 

20 

63.2 

172.0 

25 

64.  5 

182.0 

30 

66.  0 

194.0 

As  regards  the  solubility  of  potassium  citrate  in  alcoholic  solutions, 
most  of  the  reference  books  give  only  a qualitative  statement  that 
it  is  sparingly  soluble.  In  Squire’s  Companion  to  the  British  Phar- 
macopoeia, however,  it  is  stated  that  1 part  of  the  salt  dissolves  in  9 
parts  of  60  per  cent  alcohol  “but  if  more  of  the  salt  is  added  the 
alcohol  separates  from  the  watery  solution,”  thus  recognizing  the 
power  of  potassium  citrate  to  salt  alcohol  out  of  its  aqueous  solution. 

In  order  to  obtain  exact  figures  upon  this  particular  action  of 
potassium  citrate  a series  of  determinations  was  made  with  alcoholic 
solutions  of  known  concentrations  and  weighed  amounts  of  the 
recrystallized  potassium  citrate.  The  method  employed  was  as 
follows:  To  a measured  volume  of  the  alcoholic  solution  contained 
in  a glass-stoppered  bottle  there  was  added  enough  potassium  citrate 
from  a weighing  bottle  to  cause  a distinct  cloudiness  upon  shaking. 
The  amount  of  the  citrate  which  had  been  added  was  determined  by 
noting  the  difference  in  weight  of  the  weighing  bottle  after  the  addi- 
tion of  the  citrate.  The  temperature  of  the  cloudy  solution  was 
then  brought  to  as  near  25°  as  possible  and  successive  amounts  of 
the  same  alcoholic  solvent  added  from  a burette  until  the  cloudiness 
just  disappeared  upon  shaking  thoroughly.  The  specific  gravity  of 
the  clear  solution  was  then  determined  by  the  pycnometer  method. 
The  weight  of  the  potassium  citrate  divided  by  the  total  volume  of 

oZ.  Ver.  Zuckerind,  47,  447,  1897. 
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the  alcohol  employed  gave  the  grams  of  citrate  per  unit  volume  of 
alcohol.  The  results  which  were  obtained  are  given  in  Table  No, 
XX  and  the  curve  in  figure  3.  They  yielded  a very  smooth  curve 
when  plotted  on  cross-section  paper  and  from  this  curve  the  inter- 
polated values  shown  in  the  lower  part  of  the  table  were  obtained. 
Although  these  results  indicate  that  the  value  quoted  in  Squire’s 
Companion  to  the  British  Pharmacopoeia  is  much  too  high,  an  exact 
comparison  can  not  be  made  on  account  of  the  difference  in  tempera- 
ture in  the  two  cases.  An  experiment  was  therefore  made  at  15°, 
using  alcohol  of  approximately  59  volume  per  cent  strength.  It  was 
found  that  100  cubic  centimeters  of  this  alcohol  just  remained  clear 
upon  the  addition  of  4.51  grams  (CH2)2COH(COOK)3  + H2O,  wdiich 
corresponds  to  about  22  parts  of  alcohol  per  1 of  citrate  instead  of  9 
parts  per  1 of  citrate  as  quoted  by  Squire’s  Comjianion. 

» 

Table  No.  XX.^ — Showing  the  amounts  of  potassium  citrate  necessary  to  cause  the  sepa- 
ration of  a second  liquid  phase  in  aqueous  alcohol  solutions  of  different  concentrations 
at  25°  C. 

EXPERIMENTAL  DETERMINATIONS. 


Aqueous  alcoholic  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

(CH2)2C0H(C00K)3 
+H2O  per— 

Specific  gravity 
at  15°. 

Per  cent  by 
weight  of 
C2H5OII. 

100  c.  c. 
solvent. 

100  grams 
saturated 
solution. 

Orams. 

Grams. 

Dist.  HjO 

0.0 

1.5180 

181.80 

64.  50 

0. 9854 

8.9 

1.3250 

84.  70 

40.20 

0. 9545 

32.0 

1.0710 

23.  50 

19.60 

0.  9359 

41.7 

0.  9945 

11.40 

10.90 

0.  91 04 

51.0 

0.  9361 

4.  73 

4.90 

0.  8718 

70.2 

0.  8078 

0.  38 

0.  43 

CALCULATED  RESULTS. 


The  above  values  plotted  on  cross-section  paper  yielded  a curve 
from  which  the  following  figures  were  obtained : 


Per  cent  by 
weiglit  of 
C2ll60II 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

(CH2)2COn(COOK)3 
+ H2O  per— 

100  c.  c. 
solvent. 

100  grams 
saturated 
solution. 

Grams. 

Grams. 

0.  0 

1..518 

181.  SO 

04.  50 

5.0 

1.400 

111.00 

52.  50 

10.0 

1.310 

80.  00 

45.  50 

20.0 

1.177 

47.  00 

31.50 

30.0 

1.085 

20.50 

21.  50 

40.0 

1.005 

13.20 

12.  40 

50.  0 

0.  943 

5.  50 

5.  00 

00.0 

0.  900 

1..50 

1.  00 

70.0 

0.  808 

0.  40 

0.  40 

80.0 

0.  838 

0.04 

0.04 
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Soluhility  of  sodium  citrate  in  aqueous  alcohol  solutions. — A sample 
of  this  salt  purchased  for  solubility  determinations  was  analyzed  by 
incineration  and  titrating,  as  usual,  but  the  results  when  calculated 
to  (CH2)2COH(COONa)3  + SJHjO  corresponded  to  119.6  per  cent.  It 
was  therefore  evident  that  considerable  dehydration  had  taken 
place,  and  in  order  to  obtain  a sample  containing  the  desired  amount 
of  water  of  crystallization  it  would  be  necessary  to  recrystallize 
under  proper  conditions.  According  to  a statement  in  Beilstein  the 
salt  crystallizes  above  60°  with  2H2O;  therefore  the  following  pre- 
cautions were  taken:  About  100  to  150  grams  of  the  salt  were  dis- 
solved in  just  enough  water  to  yield  an  almost  saturated  solution 
at  50°.  The  beaker  was  then  placed  outside  the  window,  where  the 
temperature  remained  below  about  5°  for  several  days.  The  mother 
liquor  was  drained  off  and  the  crystals  powdered,  placed  in  a bottle, 
and  allowed  to  stand  in  a vacuum  desiccator  containing  a few  lumps 
of  CaClj  for  about  a week.  The  analysis  showed  a composition  of 
98.7  per  cent  (CIl2)2C0H)C00Na)3  + 52H20,  which  is  considerably 
above  the  pharmacopoeial  requirement  of  97  per  cent.  A calcula- 
tion to  salt  of  6H2O  corresponded  to  102.0  per  cent,  showing  that 
the  impurity  was  most  probably  adhering  moisture.  The  mother 
liquor  from  the  above  crystallization  was  boiled  until  a scum 
appeared,  cooled  slightly,  and  the  crystals  which  separated  filtered 
on  a Buchner  funnel,  dried  in  a desiccator  for  about  a week,  and 
analyzed.  The  results  corresponded  to  95.4  per  cent  (CH2)2C'OH 
(C00Na)3  + 2H20.  This  product  was  then  dried  at  150°  for  about 
five  hours  and  gave  results  upon  analysis  corresponding  to  98.5 
per  cent  anhydrous  salt.  The  acidity  of  the  sample  corresponded  to 
0.34  per  cent  anhydrous  citric  acid. 

The  solubility  determinations  were  made  with  both  the  salt  con- 
taining 5^  H2O  and  the  anhydrous  material.  A smooth  curve  was 
obtained,  and  the  only  difference  in  the  two  sets  of  results  was  that 
the  determinations  made  with  the  anhydrous  salt  were  slightly 
below  those  made  with  the  hydrated  salt,  due,  no  doubt,  to  the 
tendency  of  the  dehydrated  salt  to  take  water  from  the  solvent, 
and  thereby  increase  the  alcoholic  concentration  with  resulting 
apparent  lowering  of  tlie  solubility  in  the  particular  solvent.  Two 
series  of  determinations  were  made  with  the  crystallized  salt,  the 
periods  of  shaking  being  two  and  three  days,  respectively.  The 
weighed  saturated  solutions  were  transferred  to  weighing  bottles, 
evaporated  to  dryness,  and  the  residues  dried  to  constant  weight  at 
150°  to  180°.  Certain  of  the  residues  were  analyzed  by  determina- 
tion of  the  sodium  in  order  to  check  the  completeness  of  the  dehydra- 
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tion.  The  weights  of  the  hydrated  salt  were  calculated  from  the 
anhydrous  residues  obtained.  The  results  are  given  in  Table  No. 

XXI,  and  the  curve 
shown  in  figure  3. 

The  present  figure  for 
the  solubility  of  sodium 
citrate  in  water  agrees 
fairly  well  with  the  value 
quoted  by  the  U.  S. 
Pharmacopoeia,  which  is 
1 part  in  1.1  parts  lIjO, 
or  90.9  grams  salt  per 
100  grams  HsO-  The 
statement  regarding  the 
solubility  in  alcohol 
should,  however,  be 
modified  since  the  salt 
is  evidently  practically 
insoluble  in  pharmaco- 
poeial  alcohol  instead  of 
slightly  soluble,  as  re- 
ported. There  are  ap- 
parently no  other  results 
upon  the  solubility  of 
this  salt  to  be  found  in 

Fig.  3.— Curves  showing  the  solubilities  of  citric  acid  and  the  , .. 

citrates  in  aqueous  alcohol  solutions  at  25°.  tllC  literature. 


Table  No.  XXI. — Solubility  of  sodium  citrate  in  aqueous  alcohol  solutions  at  25° . 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solution 
at  25°. 

(CH2)jCOH 
(COONa)35i 
H2O  per  1 00 
grains  satu- 
rated solution. 

Specific  gravity 
at  15°. 

Per  cent  by 
weight  of 
C2H5OH. 

Dist.  IhO 

0.0 

1.2760 

Grams. 

48.10 

0.  9856 

8.9 

38.  90 

0. 9752 

17.0 

1.1290 

29.  30 

0. 9628 

26.  4 

1.0370 

15.  70 

0.  9359 

41.7 

0.  9473 

3.  70 

0. 9164 

51.0 

0.  9166 

1.35 

0. 8718 

70.  2 

0.  8654 

0.09 

0.  7941 

99.9 

0.  7894 
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Table  XXL — Solubility  of  sodium  citrate  in  aqueous  alcohol  solutions  at  25° — Cont’d. 

CALCULATED  RESULTS. 

The  above  figures  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  results  were  obtained : 


Per  cent 

(CIL)2COII(COONa)3 

Solvent  to 
dissolve  1 
gram  (CH2)2 

con 

(COONa)a+ 

5JH2O. 

by 

Specific 

+5JH2O  per  100 

weight 

of 

gravity  of 
saturated 

grams. 

C2H5011 

in 

solvent. 

solution 
at  25°. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0 

1.276 

48.1 

92.7 

1.08 

10 

1.190 

37.4 

59.7 

1.07 

20 

1.100 

25.0 

33.3 

3.00 

30 

1.000 

11.8 

13.4 

7.  57 

40 

0.  953 

4.5 

4.7 

21.22 

50 

0.  918 

1.4 

1.4 

70.  40 

00 

100 

0.892 
0. 789 

0.3 

0.3 

332.  40 

GALLIC  ACIU. 

Solubility  of  gallic  acid  in  aqueous  alcohol  solutions  at  25°. — There 
is  no  satisfactory  method  by  which  gallic  acid  can  be  quantitatively 
determined,  and  therefore  an  analysis  of  a given  sample  can  not  be 
made.  Certain  qualitative  tests  are  jirescribed  by  the  Pharma- 
copoeia but  probably  would  not  indicate  the  presence  of  as  small 
amounts  of  impurities  as  would  be  considered  undesirable  in  a 
sample  to  be  used  for  accurate  solubility  determinations.  In  order, 
therefore,  to  obtain  material  which  might  be  considered  of  satisfac- 
tory quality  for  the  solubility  determinations  desired  for  the  present 
bulletin,  a sample  of  apparent  good  c|uality  was  subjected  to  recrys- 
tallization from  hot  water,  dried  in  a vacuum  desiccator,  and  the 
water  of  crystallization  determined  by  loss  of  weight  on  drying 
at  100°.  The  result  obtained  was  9.57  per  cent,  instead  of  the  theoret- 
ical 9.58  per  cent,  therefore  indicating  a high  degree  of  purity. 

The  solubility  determinations  were  made  with  the  recrystallized 
product  in  the  usual  manner,  the  time  allowed  for  solution  being  two 
days.  The  weighed  saturated  solutions  were  evaporated  to  dry- 
ness in  weighing  bottles  and  the  residues  rendered  anhydrous  by 
drying  at  100°  and  subsequently  at  125°  to  140°  without  further 
loss  of  weight.  The  weight  of  dissolved  hydrated  gallic  acid  was 
calculated  from  the  anhydrous  residues.  The  values  yielded  a per- 
fectly smooth  curve  from  which  the  interpolated  results  were  obtained. 
The  figures  are  given  in  Table  No.  XXII,  and  the  curve  shown  in 
figure  4. 

It  will  be  noted  that  the  values  for  water  and  alcohol  of  pharma- 
copoeial  strength  are  in  fair  agreement  with  those  quoted  by  the  U.  S. 
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Pliaraiacopocia  which  are  1 part  of  acid  in  83  to  86  parts  of  water 
and  in  4.14  parts  of  alcohol. 


Table  No.  XXII. — Soluhilihj  of  gallic  acid  in  aqueous  alcohol  solutions  at  25°. 

EXPEKIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solution 
at  25°. 

C6ll2(OH)3 
COOH+HaO 
per  100  grams 
saturated  solu- 
tion. 

Specific  gravity 
at  15°. 

Per  cent  by 
weight  of 
CzHiOH. 

uist.  mo 

0.0 

1.002 

OTam,i. 

1.15 

0. 9752 

17.0 

0. 985 

3.31 

0. 93.59 

41.7 

0.  974 

11. 16 

0. 8718 

70.2 

0.  940 

18.01 

0. 8234 

89.0 

0.919 

21. 17 

0.7941 

99.9 

0.902 

22.14 

(’AIA’ULATED  RESULTS. 


The  above  determinations  plotted  on  cro.ss-section  jiaper  yielded 
a curve  from  which  the  following  results  were  obtained; 


Per  cent  by 
weight  of 

Specific 
gravity  of 
saturated 

Com(OH)3Coon-t- 
HaO  per  100  grams. 

Solvent  to  dis- 
solve 1 gram  of 

CaUiOH 
in  solvent. 

solution 
at  25°. 

Saturated 

solution. 

Solvent. 

CfillafOH), 

COOII-t-HaO. 

0.0 

1.002 

Grams. 

1.15 

Grams. 

1.16 

Grams. 

86.00 

10.0 

0.992 

2.0 

2.04 

49.00 

20.0 

0.983 

4.2 

4.38 

22.80 

30.0 

0.977 

7.5 

8.11 

12.30 

40.0 

0.972 

10.6 

11.86 

8.60 

50.0 

0.905 

13.4 

1.5. 47 

6.  46 

60.0 

0. 957 

16.0 

19. 04 

5. 25 

70.0 

0. 946 

18.0 

21.96 

4.  55 

80.0 

0.933 

19.9 

24. 85 

- 4.02 

90.0 

0.919 

21.2 

20.90 

3.72 

(192.3 

0.915 

21.4 

27.  23 

3.67 

95.0 

0.911 

21.6 

27.55 

3.a3 

100.0 

0.902 

22.2 

28.54 

3.50 

a U.  S.  Pharmacopoeia  strength. 


The  solubility  of  gallic  acid  in  several  solvents  has  been  deter- 
mined by  Rosenheim  and  Schidrowitz  “ and  their  results  pub- 
lished in  a paper  with  the  title  '‘The  Optical  Activity  of  Gallotannic 
Acid.”  The  form  in  which  the  results  are  given  is  misleading  since 
it  is  impossible  to  know  whether  the  figures  represent  grams  of 
hydrated  or  anhydrous  acid  dissolved  in  the  given  weight  of  solvent 
or  of  the  saturated  solution.  If  we  assume,  however,  that  the  basis 
intended  is  the  grams  per  100  grams  of  solvent,  their  results  are, 
respectively,  for  water  0.76  gram  gallic  acid  per  100  grams  at  12.5°, 
for  90  per  cent  alcohol  (weight  or  volume?)  18.9  grams  per  100  grams 


oj.  Chem.  Soc.,  (Loud.),  73,  882,  1898. 
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alcohol,  and  for  absolute  alcohol  22.2  grams  acid  j)cr  100  grams 
alcohol  at  15°. 

A figure  which  is  very  much  at  variance  mth  the  present  results 
and  all  others  reported  in  the  literature  is  epoted  by  Squire’s  Com- 
panion to  the  British  Pharmacopoeia  as  1 part  of  gallic  acid  in  8 
parts  of  90  per  cent  alcohol.  This  is  evidently  an  error,  possibly 
typographical. 

Solubility  of  gallic  acid  in  several  organic  solvents. — The  same 
recrystallized  material  was  used  for  these  determinations  and  the 
solvents  which  have  already  been  described.  The  saturated  solu- 
tions were  transferred  to  weighing  bottles  and  evaporated  to  dryness 
and  the  residues  dried  to  constant  weight  at  a little  over  100°.  It 
will  be  seen  that  with  the  exception  of  acetone  and  alcohol  none  of  the 
solvents  dissolved  very  large  amounts  of  the  acid.  Some  of  the 
present  residts  differ  considerably  from  those  of  Rosenheim  and 
Schidrowitz,®  made  at  15°.  These  authors  do  not  describe  the 
method  by  which  their  determinations  were  made  and  a correct 
opinion  of  their  accuracy  can  not  be  formed. 

The  comparative  results  arc  as  follows: 


Solvent. 

K.  and  S., 
15°. 

Present 
results,  25°. 

Acetone 

29.  4 

26.0 

Alcohol  (abs.) 

22. 2 

22. 1 

Ethyl  acetate 

8.4 

3.6 

Benzene 

0.02 

Chloroform 

Ether  (abs.) 

2.5 

1.37 

Tablk  No.  XXIII. — Solubility  of  gallic  acid  in  organic  solvents  at  25° . 


Solvent. 

Specific 
gravity  of 
solvent. 

da  of  satu- 
rated solu- 
tion. 

CGH2(OH)3COOH-f-HjO 
per  100. 

Solvent  to  dis- 
solve 1 gram 
C«Il2(OH)3 
COOH+HjO. 

Grams 

saturated 

solution. 

Grams 

solvent. 

C.  c. 

Solvent. 

Grams. 

Grams. 

Grams. 

Grams. 

Acetone 

dio=0.  797 

0.941 

25.990 

35. 120 

27. 99 

2.85 

Amyl  alcohol  (iso) 

djo=0. 817 

0.834 

5. 390 

5.  700 

4.65 

17.55 

Amvlacetate 

djo=0. 875 

0.878 

2. 720 

2.800 

2. 45 

35.  77 

Benzene •. 

dj,=0. 873 

0.875 

0.022 

0.022 

0.02 

4544.00 

Carbon  bisulphide 

dj.=  1.258 

1.262 

0.042 

0. 042 

0. 05 

2381.00 

Ether  (abs.) 

d2s=0.711 

0.718 

1.370 

1.  .390 

0.99 

72.00 

Ethyl  acetate 

d»=  0.892 

0.911 

3.610 

3.750 

3.34 

26.  70 

The  amounts  of  gallic  acid  dissolved  by  the  following  solvents 
were  too  small  for  estimation:  Carbon  tetrachloride,  chloi-oforrn, 
and  toluene. 


% 


44678° — Bull.  67 — 10 — ■ — 4 


« Loc.  cit. 
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LACTIC  ACID. 

Lactic  acid  in  its  usual  form  is  a very  liygroscopic  syrupy  liquid  com- 
posed, according  to  the  requirements  of  the  Pharmacopoeia,  of  not  less 
than  75  per  cent  by  weight  of  absolute  lactic  acid  (CIIgCIIOH'COOII) 
and  about  25  per  cent  of  water.  It  is  freely  miscible  with  water, 
alcohol,  and  ether.  A sample  analyzed  by  titration  with  normal 
alkali  using  phenolphthaleine  as  indicator  was  found  to  contain 
72.8  per  cent  CHaCHOII-COOH.  It  has  been  shown  by  Krafft  and 
Dyes“  that  the  ordinary  commercial  lactic  acid  can  be  purified 
by  distillation  under  diminished  pressure  (about  1 mm.)  and  the 
distillate  so  obtained  is  of  98.99  per  cent  purity  and  solidifies  to  a 
crystalline  mass  when  cooled  in  an  ice  mixture.  The  crystals  are  very 
hygroscopic  and  the  melting  point  is  approximately  18°.  A product 
of  this  character  is  no  doubt  the  kind  which  should  be  used  for  quan- 
titative solubility  determinations  but  the  results  would  probably  be 
of  little  interest  from  the  standpoint  of  the  pharmacopoeia  at  present. 
On  this  account  it  was  not  considered  necessary  to  undertake  other 
than  approximate  determinations  with  the  pharmacopoeial  lactic 
acid. 

A few  experiments  were  therefore  made  with  the  lactic  acid  of  72.8 
per  cent  referred  to  above  and  a number  of  the  organic  solvents  used 
for  the  determinations,  with  other  acids  as  described  in  the  preceding 
pages  of  this  bulletin.  The  plan  of  the  experiments  was  simply  to 
add  the  lactic  acid  from  a burette  to  the  measured  quantities  of 
organic  solvent  contained  in  a glass  stoppered  bottle  and  note  the 
point  where  opalescence  occurred  on  shaking.  It  was  found  that 
20  cubic  centimeter  portions  of  benzene,  carbon  tetrachloride, 
chloroform,  carbon  bisulphide,  nitro  benzene,  and  toluene  each 
required  less  than  0.1  cubic  centimeter  of  the  lactic  acid  to  give  the 
opalescence  on  shaking.  The  solubility  in  these  solvents  is  therefore 
not  greater  than  one  part  in  200,  and  is  probably  even  very  much  less 
than  this  figure.  In  the  cases  of  amyl  alcohol,  amyl  acetate,  acetone, 
ethyl  acetate,  and  ether,  the  addition  of  equal  volumes  of  the  lactic 
acid  did  not  produce  opalescence.  On  adding  water,  however,  to  the 
mixture  a second  layer  separated  in  all  cases  except  with  acetone. 
In  the  cases  of  amyl  alcohol  and  acetate  the  volumes  of  the  upper 
or  organic  solvent  layer  appeared  about  equal  to  the  volume  origi- 
nally used;  in  the  case  of  ethyl  acetate  and  ether  the  upper  layers 
appeared  considerably  smaller  than  the  volume  of  each  used  in  the 
beginning. 


oBer.  28,  25°0,  1895. 
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OLEIC  ACID. 

Sohibility  of  oleic  acid  in  ayueous  alcohol  solutions. — The  sample 
used  for  the  following  experiments  was  pale  aml^er  colored  and  had 
specific  gravity  of  0.8969  at  20°  and  0.8935  at  25°.  A quantitative 
determination  made  by  dissolving  10.1089  grams  in  enough  alcohol 
to  make  100  cubic  centimeter  of  solution  and  titrating  10  cubic  centi- 
meter portions  of  this  with  standard  0.1  normal  alcoholic  potassium 
hydroxide,  phenolphthaleine  being  used  as  indicator,  gave  results 
indicating  a purity  of  99.5  per  cent  C^glli^CH  : CII(Cll2)7COOII.  The 
preliminary  solubility  determinations  were  made  by  titrating  aqueous 
alcohol  solutions  of  increasing  alcoholic  content  with  the  above  oleic 
acid.  In  the  case  of  all  solutions  below  50  weight  ])er  cent  alcohol, 
the  first  tlrop  of  acid  caused  an  opalescence  on  shaking,  therefore 
indicating  a solubility  of  less  than  about  0.05  grams  acid  per  100 
cubic  centimeters  of  alcohol.  With  solutions  containing  more  than 
50  per  cent  alcohol  the  following  results  were  obtained: 


Per  cent  by 
weight  of 
C2H5OH. 

Oleic  acid 
per  100  c.  c. 
alcohol  to 
produce 
cloudiness. 

Remarks. 

51.0 

Q.  ht-Q.  2 

Cloudiness  increased  with  continued  addition  of  acid. 

58.2 

0. 2 -0.  4 

Do. 

65.5 

0. 3 -0. 6 

Cloudiness  increased  until  about  5.5  c.  c.  had  Ijeen  added  and  then  solu- 

70.2 

P 

1 

0 

tion  cleared . 

Cloudine.ss  disappeared  when  al)out  4.5  c.  c.  aciil  had  been  added. 

81.4 

CO 

No  cloudiness  appeared  at  all. 

From  these  results  it  appears  that  below  about  50  Aveight  per  cent 
alcohol  the  oleic  acid  is  practically  insoluble,  between  about  50  and 
70  AA^eight  per  cent  the  solubility  apparently  increases  A^ery  gradually 
and  then  at  about  75  per  cent  alcohol  it  goes  up  very  abruptly  to 
probable  complete  miscibility. 

It  should  be  mentioned  that  the  point  of  the  appearance  of  opales- 
cence caused  by  adding  the  oleic  acid  to  the  alcohol  is  A^er}^  uncertain. 
The  cloudiness  is  at  first  very  faint  and  increases  gradually,  so  that 
no  definite  end  point  can  be  selected.  Since  it  AAas  obserA^ed  that  by 
continued  addition  of  the  oleic  acid  to  the  alcoholic  solution  of  70.2 
Aveight  per  cent  a point  Avas  reached  at  Avhicli  the  amount  of  opales- 
cence began  to  diminish  and  finally  disappeared  entirely,  it  Av^as  decided 
to  attempt  to  find  the  exact  end  points  by  titrating  backAA^ards; 
that  is,  by  dissolving  an  excess  of  the  oleic  acid  in  tlie  aqueous  alcohol 
and  then  adding  Avater  until  opalescence  reapi)eared.  Working  in 
this  AA^ay  it  AA^as  found  that  a A^ery  sharp  end  point  could  be  obtained, 
one  drop  of  water  in  excess  being  sufficient  to  cause  the  perfectly 


52 


clear  solution  to  become  distinctly  cloudy  on  shaking.  The  values 
obtained  by  these  two  methods  were  widely  different,  however, 
evidently  corresponding  to  two  sets  of  conditions.  In  the  one  case 
the  end  point  was  marked  only  by  an  increasing  cloudiness,  while  in 
the  other  the  perfectly  clear  solution  was  transformed  by  one  drop 
of  the  added  solvent  to  an  opalescent  mixture,  which  after  a few 
minutes’  standing  separated  into  two  liquid  layers,  the  volume  of 
neither  of  which  corresponded  to  the  one  drop  of  water  which  caused 
the  se})aration.  A series  of  experiments  made  according  to  the  last- 
mentioned  method  of  determination  was  made  as  follows: 

Amounts  of  oleic  acid  varying  between  2 and  25  cubic  centimeters 
were  added  to  definite  volumes  of  70.2  weight  per  cent  alcohol  (65.5 
weight  per  cent  was  used,  however,  in  one  case  and  81.4  per  cent  in 
another),  and  the  mixtures  were  then  titrated  to  appearance  of 
opalescence  with  water,  care  being  taken  to  ludng  the  tem])erature 
just  to  25°  before  reaching  the  end  point.  One  determination 
(No.  7)  was  made  by  continuing  the  titration  with  the  oleic  acid 
until  opalescence  appeared,  thus  making  the  determination  direct 
and  not  by  back  titration.  The  result  obtained  in  this  case  was  in 
satisfactory  agreement  with  the  others,  showing  that  it  is  immaterial 
whether  the  end  point  with  these  concentrations  of  oleic  acid  be 
approached  from  one  or  the  other  direction.  The  quantities  used  in 
the  titration  were  as  follows; 


Deter- 

mination 

No. 

C2HriOH  in 
solvent, 
percent  by 
weight. 

Amount  of 
alcoholic 
solvent. 

Oleic  acid 
added. 

U2O  for 
back 
titration. 

c.  c. 

c.  c. 

c.  c. 

1 

70.2 

25.0 

2.0 

3.  90 

2 

70.2 

25.0 

4.0 

3.  70 

3 

a 65.  5 

20.  5 

5.0 

1.75 

4 

70.2 

25.0 

8.0 

2.  75 

5 

70.2 

25.0 

12.5 

1. 55 

6 

70.2 

35.0 

25.  0 

1.00 

7 

70.2 

25.0 

23.2 

8 

81.5 

1.5 

10.0 

0.05 

fiMade  from  70.2  weight  per  cent  alcohol  by  adding  1.55  c.  c.  II2O  to  25  c.  c.  of  the  alcohol. 

From  the  above  results  it  is  possible  to  calculate  the  amounts  of 
the  three  components,  water,  alcohol,  and  oleic  acid  which  are 
present  in  each  case  and  from  these  values  the  percentage  of  alcohol 
in  each  solvent  (water  + alcohol)  at  the  end  of  the  titration  and  also 
the  weight  of  oleic  ocid  present  per  100  grams  of  the  saturated  solu- 
tion. This  has  been  done  and  the  results  which  were  obtained  are 
given  in  the  accompanying  Table  No.  XXIV. 
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Table  No.  XXIV. — Shoiving  the  amounts  of  oleic  acid  necessary  to  cause  the  separation 
of  a second  liquid  phase  in  aqueous  alcohol  solutions  of  different  concentrations  at  25°. 

CALCULATED  VALUES. 

[From  experimental  determinations  shown  on  p.  52.] 


Deter- 

mination 

No. 

Composition  of  saturated 
solution. 

Calculated 
per  cent  by 
weight 
of  C2H5OH 
finally  In 
solvent. 

Oleic  acid 
per  100 
c.  c.  of 
alcoholic 
solvent. 

Oleic  acid 
per  100 
grams 
saturated 
solution. 

C2lI.'iOII. 

HjO. 

Oleic 

acid. 

Orams. 

Orams. 

Grams. 

c.  c. 

Orams. 

1 

15. 300 

10.  400 

1.794 

59.  50 

6. 92 

6. 53 

2 

15.  300 

10.  200 

3.588 

60.00 

13. 93 

12. 34 

3 

15.  300 

9. 800 

4.  485 

60. 95 

17.70 

15.16 

4 

15.300 

9.  250 

7.175 

62.30 

28.83 

22.60 

5 

15. 300 

8.050 

11.210 

65. 50 

47.09 

32.  40 

6 

24.  420 

10. 100 

22.  420 

67. 95 

69.  44 

41.57 

7 

15.  300 

6.  500 

20.  810 

70.  20 

92. 81 

51.57 

8 

1.195 

0.  321 

8.969 

78.80 

645.20 

85.10 

INTERPOLATED  RESULTS. 


These  values  plotted  on  cross-section  paper  give  practical!}^ 
straight  lines,  from  which  the  following  results  were  obtained. 


Per  cent  by 
weight  of 
C2H5OH  in 
solvent. 

Oleic  acid 
per  100  c.  c. 
solvent. 

Oleic  acid 
per  100  grams 
saturated 
solution. 

57.0 

c.  c. 

Orams. 

0.0 

58.5 

6.6 

5.0 

60.0 

11.0 

12.3 

62.5 

30.0 

20.0 

65.0 

49.0 

30.5 

67.5 

69.0 

40.0 

70.0 

91.0 

50.0 

75.5 



68.5 

80.0 

— 

88.0 

From  these  results  it  is  seen  that  the  amount  of  oleic  acid  which 
will  remain  in  a homogeneous  mixture  with  alcohol  and  water 
increases  very  rapidly  with  relatively  slight  increases  of  alcoholic 
content  beginning  in  solutions  containing  about  57  weight  per  cent 
alcohol.  That  part  of  the  curve  (or  rather  straight  line,  see  figure 
4)  between  0 and  about  5.0  grams  of  oleic  acid  per  100  grams  of 
the  saturated  solution  can  not  be  determined  directly  since  this 
quantity  of  oleic  acid  is  not  sufficient  to  yield  a clear  solution  before 
the  back  titration  with  the  water.  In  regard  to  the  upper  limit  of  the 
amount  of  oleic  acid  in  the  alcoholic  solutions  of  higher  concentra- 
tions it  appears  that  the  point  of  complete  miscibility  is  reached  at 
about  80  to  85  weight  percent  alcohol,  and  therefore  no  second  liquid 
layer  can  be  made  to  separate  in  alcohol-water  mixtures  containing 
more  than  this  per  cent  of  alcohol. 

As  has  already  been  mentioned,  the  opalescent  solutions  which 
are  produced  by  the  addition  of  the  last  drop  of  water  in  the  back 
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titration,  separate  into  two  layers  when  allowed  to  stand.  These 
solutions  which  resulted  in  the  titration  numbers  1 to  6 (see  p.  52), 
were  transferred  to  graduated  cylinders  and  allowed  to  stand  24 
hours  and  the  volumes  of  the  upper  and  lower  layers  then  read.  The 
perfectly  clear  layers  of  which  the  upper  was  yellowish  and  the  lower 
nearly  white  or  ])ale  straw  colored  in  each  case  were  then  analyzed 
hy  withdrawing  enough  to  fill  a j)ycnometer,  weighing  and  titrating 
the  dissolved  oleic  acid  with  alcoholic  sodium  hydroxide  solution. 
An  unsuccessful  attempt  was  made  in  one  case  to  determine  the 
alcohol  ])resent  hy  neutralizing  the  oleic  acid  with  aqueous  alkalf 


and  distilling.  The  ex- 
cessive foaming,  how- 
ever, prevented  a suc- 
cessful distillation  of  the 
alcohol  and  the  proced- 
ure was  abandoned.  The 
results  which  were  ob- 
tained are  as  follows. 
The  figures  in  paren- 
theses indicate  estimated 
values.  Some  loss  oc- 
curred in  transferring 
the  solutions  from  the 
titration  flasks  to  the 
graduated  cylinders,  and 
therefore  the  sum  of  the 
volumes  of  the  upper 
and  lower  layers  are  less 
than  that  of  the  solu- 
tions mixed  as  given  for 
the  titration  results  on 
page  52.  This  loss  also  accounts  for  the  differences  in  the  amounts 
of  oleic  acid  found  and  those  originally  added. 


Fro.  4.— Curves  showing  the  solubilities  of  camphoric,  gallic, 
oleic,  and  stearic  acids  in  aqueous  alcohol  solutions  at  25°. 


Deter- 
mina- 
tion No. 

Ivower  layer. 

Upper  layer. 

Volume- 
of  lower 
layer. 

Specific 

gravity. 

Oleic 
acid  per 
100  grams 
solution. 

Oleic 
acid  in 
lower 
layer. 

Volume 
of  upper 
layer. 

Specific 

gravity. 

Oleic 
acid  per 
100  grams 
solution. 

Oleic 
acid  in 
upper 
layer. 

c.c. 

Ora  ms. 

C.C. 

c.  c. 

Grams. 

c.  c. 

1 

29.0 

0. 893 

5.123 

1.48 

1.0 

(0. 35) 

2 

26.0 

0. 890 

7. 347 

1.89 

6.0 

(0. 875) 

33.83 

1.98 

.I 

22.7 

0. 891 

8.  572 

1.93 

9.3 

(0. 875) 

31.39 

2.78 

4 

16.0 

t). 

6.139 

0.98 

19.0 

0.876' 

35.54 

6.59 

5 

6.0 

(0. 890) 

6. 259 

0.37 

33.2 

0.878 

36.  61 

11.87 

G 

4.  5 

(0. 28) 

55.5 

0. 877 

44.59 

24. 14 
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From  these  results  it  appears  that  the  composition  of  each  of  the 
upper  layers  and  of  each  of  the  lower  layers  is  nearly  the  same  in  all 
cases.  The  percentage  of  oleic  acid  in  the  upper  averages  about  36, 
and  in  the  lower  about  7. 

The  statements  in  the  literature  in  regard  to  the  solubility  of  oleic 
acid  are  mostly  to  the  effect  that  it  is  insoluble  in  water  and  soluble 
in  alcohol.  The  present  results  verify  this  statement  as  far  as  the 
water  is  concerned,  but  show  that  with  alcohol  of  less  than  80  weight 
per  cent  the  insolubility  may  vary  over  a very  considerable  range,  de- 
pending upon  slight  changes  in  the  alcoholic  concentration. 

\ 

PHENOLSULPHONATES. 

Solubility  of  sodium  phenolsulphonate  in  aqueous  alcohol  solutions. — 
In  igniting  this  compound,  as  mentioned  in  the  Pharmacopoeia,  the 
residue  at  first  contains  unburned  carbon  which  on  heating  to  a 
higher  temperature  reduces  a part  at  least  of  the  sulphate  to  sulphide, 
thus  not  yielding  a white  residue  of  sodium  sulphate  amounting  to 
30.6  per  cent  of  the  original  weight  as  stated.  It  was  found  that  a 
fairly  good  determination  could  be  made  by  first  drying  the  weighed 
samples  in  the  air  bath  at  120°  to  140°,  and  after  having  cooled  and 
weighed  the  residue  to  determine  the  loss  of  water  of  crystallization, 
igniting  it  very  carefully  so  that  no  flaming  occurs.  The  charred 
residue  is  then  treated  with  a few  drops  of  concentrated  nitric  acid 
and  heated  to  redness.  This  procedure  is  repeated  until  a perfectly 
white  residue  is  obtained.  Determinations  made  in  this  way  upon 
the  sample  to  be  used  for  the  solubility  experiments  showed  the 
presence  of  15.44  per  cent  of  water  of  crystallization  instead  of  the 
theoretical  15.52  per  cent,  and  gave  sodium  sulphate  corresponding 
to  98.9  per  cent  CeIT4(0H)S03Na  + 2H20. 

One  series  of  solubility  determinations  was  made,  the  time  of  shak- 
ing being  two  days.  The  weighed  saturated  solutions  were  trans- 
ferred to  weighing  bottles  and  evaporated  to  dryness,  the  residues 
were  dried  to  constant  weight  at  140°,  and  in  addition  some  were 
analyzed  as  mentioned  above  for  the  sodium,  and  in  this  wa}^  the 
completeness  of  the  drying  was  verified.  The  results  which  were 
obtained  are  given  in  Table  No.  XXV,  and  the  curve  from  them  in 
figure  5.  The  figures  for  water  and  pharmacopoeial  alcohol  are 
in  fair  accord  with  those  reported  by  the  pharmacopoeia  which  are 
respectively  1 part  in  4.8  water  and  1 part  in  130  parts  alcohol.  A 
determination  made  by  Greenish  and  Smith®  at  15°  gave  1 part  of 
C6H4(0H)S03Na  + 2H20  per  5.48  parts  of  water,  the  specific  gravity 
of  the  saturated  solution  being  1.0675. 

aPharm.  Jour.,  (Loud.)  June  22,  1901. 
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Table  No.  XXY—Sohibility  of  Sodium  Phenolsulphonate  (para)  in  aqueous  alcohol 

solutions  at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  gravity 
of  saturated 
solution  at  25°. 

CeinCOHiSOa 
Na+2H20 
per  100  grams 
saturated  solu- 
tion. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
C2H5OII. 

Dist  HjO 

0.0 

1.079 

Grams. 

19.  38 

0. 9850 

8.9 

1.057 

17.46 

0. 9752 

17.0 

1.038 

15.  98 

0. 9628 

26.4 

1.016 

14.  47 

0.9164 

51.0 

0. 952 

a 10.  23 

0.  8718 

70.2 

0.886 

5.  03 

0.  8234 

89.6 

0.821 

1. 16 

0. 7941 

99.9 

6 1.49 

a This  result  unaccountably  about  0.7  per  cent  high. 
b Solid  phase  became  opaque. 


CALCULATED  RESULTS. 


The  above  figures  plotted  on  cross  section  paper  gave  a curve 
from  which  the  following  results  were  obtained. 


Per  cent  by 
weight  of 
C2H5OII 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

CsH^COIDSOaNa-f 
2II2O  per  100  grams. 

Solvent  to 
dissolve  1 
gram  CeHi 
(OH)SO.iNa 
-I-2H2O. 

Saturated 

solution. 

Solvent. 

0.0 

1.079 

Grams. 

19.4 

Grams. 

24.1 

Grams. 

4. 16 

10.0 

1.054 

17.4 

21.2 

4.  71 

20.0 

1.030 

15.5 

18.3 

5.  45 

30.0 

1.004 

13.6 

15.7 

6.  35 

40.0 

0. 977 

11.7 

13.3 

7.55 

50.0 

0. 950 

9.7 

10.7 

9.31 

60.0 

0.919 

7.5 

8.1 

12.  30 

70.0 

0.886 

5.1 

5.4 

18.  60 

80.0 

0. 852 

2.9 

3.0 

33.50 

90.0 

0.820 

1. 1 

1.1 

89.90 

92.3 

0.  815 

0.9 

0.9 

110. 10 

95.0 

0.810 

0.8 

0.8 

124.00 

100.0 

0.800 

1.5 

1.5 

65.  70 

Solubility  of  zinc  pTienolsulphonate  in  aqueous  alcohol  solutions. — 
The  sample  used  for  the  following  solubility  experiments  was  anal- 
yzed by  determining  the  water  of  crystalization  and  by  precipitating 
the  zinc  as  carbonate  from  the  hot  solution  by  means  of  sodium  car- 
bonate, washing,  igniting,  and  weighing  as  zinc  oxide.  The  results^ 
were  25.85  per  cent  water  of  crystallization  instead  of  the  theoretical 
25.93  per  cent,  and  the  zinc  oxide  corresponded  to  100.7  per  cent 
Zn(CeH4(0H)S03)2  + 8H20.  One  series  of  determinations  was  made, 
the  time  of  shaking  being  two  days  for  some  of  the  tubes  and  four  for 
others.  The  weighed  saturated  solutions  were  evaporated  in  weigh- 
ing bottles  and  the  residues  dried  to  constant  weight  at  130  to  140°. 


The  weights  of  anhydrous  salt  were  calculated  to  the  hydrated  com- 
pound and  these  values  converted  to  the  quantities  per  100  grams  of 
the  saturated  solutions.  The  results  are  given  in  Table  No.  XXVI, 
and  the  curve  in  figure  5. 


Table  No.  XXVI — Solubility  of  zinc  phenolsulphonate  {para)  in  aqueous  alcohol 

solutions  at  25° . \ 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

(C6H4(OII)SOi)2 
Zn+SinO 
per  100  grams 
saturated  solu- 
tion. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
C2H5OH. 

Dist  H2O 

0.0 

1. 185 

Grams. 

39.81 

0. 9856 

8.9 

1.174 

40.11 

0. 9752 

17.0 

1. 165 

40.53 

0. 9628 

26.4 

1.155 

41.24 

0. 9164 

51.0 

1.124 

42. 12 

0. 8718 

70.2 

1.080 

40. 85 

0. 8234 

89.6 

1.047 

41.34 

0. 7941 

99.9 

1.075 

48.77 

CALCULATED  RESULTS. 


The  above  figures  plotted  on  cross  section  paper  gave  a curve 
from  which  the  following  values  were  obtained: 


Per  cent  by 
weight  of 
C2H6OH 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

(CsIL(OH)S03)2Zn-l- 
8H2O  per  100  grams. 

Solvent  to 
dissolve  1 
gram  (CeH^ 
(OH)SOa)2 
Zn-t-SHaO. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.185 

39.8 

66. 1 

1.512 

20.0 

1.161 

40.7 

68.  6 

1.457 

40.0 

1.139 

42.  1 

T2.1 

1.375 

60.0 

1.106 

41.6 

71.2 

1.404 

80.0 

1.057 

40.7 

68.6 

1.457 

90.0 

1.047 

41.4 

70.6 

1.416 

92.3 

1.048 

41.9 

72.1 

1.387 

95.0 

1.052 

42.9 

75.1 

1.330 

100.0 

1.075 

48.8 

95.3 

1.049 

Maximum  at  47  weight  per  cent  CjHsOH,  42.2  grams  (C(iH4(0II)S03)2Zn+8IIs0  per  100  grams 
saturated  solution. 

Minimum  at  78  weight  per  cent  C2H5OH,  40.7  grams  (C6H,(0n)S03)2Zn+8Il20  per  100  grams 
saturated  solution. 


The  figures  quoted  by  the  U.  S.  Pharmacopoeia  are  somewhat 
below  the  present  results.  Some  results  by  Greenish  and  Smith  “ 
and  Sc^uire  * for  15°  C.  are  even  below  those  reported  by  the  U.  S. 
Pharmacopoeia. 


« Pharm.  Jour.,  (Lond.),  i,  552,  1902;  ibid.,  ii,  947,  1903. 
^Companion  to  the  British  Pharmac;opooia,  18th  Ed. 
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Tho  solubility  curve  for  this  salt  is  very  strikiii<>^  iu  that  it  shows 
both  a maximum  and  minimum  point. 


SALICYLIC  ACID  AND  THE 
SALICYLATES. 


Solubility  of  salicylic 
acid  in  aqueous  alcohol 
solutions  at  25°. — The 
samples  of  salicylic  acid 
used  for  the  solubility  de- 
terminations were  ana- 
lyzed by  dissolving 
weighed  samples  in  neu- 
tralized alcohol  and  titra- 
ting with  standard  alkali 
using  phenolphthaleine 
as  indicator.  The  results 
indicated  a purity  in  all 
cases  of  at  least  99.8  per 
cent.  The  melting  point 
was  found  to  be  158.2°  to 
159°  (Cor.)  ®.  One  series 
of  determinations  was 
made,  the  time  allowed 
for  saturation  being  three  days.  The  weighed  saturated  solutions 
were  transferred  to  measuring  flasks,  diluted  to  the  mark  with  neu- 
tralized alcohol  and  aliquot  portions  titrated  with  standard  alkali. 
The  results  are  given  in  Table  No.  XXVH  and  the  curve  shown  in 
figure  6. 

The  curve  rises  at  first  very  slowly  and  then  at  about  25  weight 
per  cent  alcohol  goes  up  very  rapidly  to  the  solvent  of  100  per  cent 
alcoholic  strength  in  which  the  solubility  is  33.2  grams  salicylic 
acid  per  100  grams  of  the  saturated  solution. 


Fig.  5. — Curves  showing  the  solubilities  of  sodium  and  zinc 
phenolsulphonato  and  of  zinc  valerate  in  aqueous  alcohol 
solutions  at  25°. 


Table  XXVII.  Solubility  of  salicylic  acid  in  aqueous  ethyl  alcohol  solutions  at  25°. 


EXPERIMENTAL  RESULTS. 


Solvent. 

Specific  gravity 
of  saturated  so- 
lution at  25°. 

Coin  OIICOOII 
per  100 
grams  satu- 
rated solution. 

Specific  gravity 
at  15°. 

Per  cent  by 
weiglit  of 
CjHsOlI. 

Dist.  HsO 

0.00 

1.001 

Grams. 

0. 22 

0. 9850 

8.  90 

0.  986 

0.  336 

0. 9545 

32.00 

0.957 

2.  68 

0. 9164 

51.00 

0. 945 

12.  82 

0.  8718 

70.  20 

0. 941 

24.  01 

0. 8279 

88.  00 

0.  932 

31.03 

0.  8048 

90.  30 

0.  923 

32.  45 

0.  7941 

99.  80 

0.919 

33.  20 

a In  a previous  report  of  these  results  upon  salicylic  acid  (cf.  Proc.  Am.  Electro-chem.  Soc  Albany 
Meeting,  1908)  the  m.  pt.  was  given  as  150°,  but  this  figure  refers  to  tho  uncorrected  value. 
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Table  No.  XXVII. — Solubility  of  salicylic  add  in  aqueous  ethyl  alcohol  solutions 

at  25° — Continued. 

CALCULATED  RESULTS. 

The  above  experimental  determinations  plotted  on  cross-section 
paper  gave  a curve,  from  which  the  following  figures  were  read  or 
calculated : 


Per  cent  by 
weight  of 
CjHsOH  in 
solvent. 

Specific 
gravity  of 
saturated 
solution  at 
25°. 

CoIIiOIiCOOnper 
100  grams. 

Solvent  to  dis- 
solve 1 gram 
ComOHCOOH. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.001 

0.  22 

0.22 

453.50 

10.0 

0. 984 

0.  38 

0.38 

262. 00 

20.0 

0. 970 

0.  80 

0.81 

124. 00 

30.0 

0. 959 

2.20 

2. 25 

44.45 

40.0 

0. 951 

5. 90 

6.  27 

15. 95 

.50.0 

0. 945 

12.  20 

13. 90 

7.20 

60.0 

0. 943 

18. 30 

22.41 

4. 46 

70.0 

0.941 

24.00 

31.58 

3. 17 

80.0 

0.  937 

28.  30 

39.48 

2. 93 

90.0 

0. 930 

31.40 

45.77 

2. 19 

0 92.3 

0.  928 

31.90 

46. 85 

2.13 

100.0 

0.919 

33.  20 

47.50 

2.11 

a U.  S.  Pharmacopoeia  strength. 


The  solubility  values  for  salicylic  acid  in  water  to  be  found  in 
pharmaceutical  literature  vary  considerably.  Thus  it  is  given  as  1 
part  in  308  by  the  U.  S.  Pharmacopoeia  and  from  1 part  in  444  to 
1 part  in  550  by  other  reference  books.  The  present  value  agrees 
closely  with  the  average  of  the  determinations  compiled  from  the 
chemical  literature,  which  are  as  follows:® 

Temperature  °C 0 10  20  25  30  40  GO  80 

Grams  C„H40HCOOII  per  100  c.  c.  so- 
lution  0.08  0.12  0.18  0.22  0.27  0.37  0.82  2.05 

As  for  the  solubility  in  alcohol,  the  values  from  the  pharmaceutical 
reference  books  vary  from  1 part  in  2 to  1 part  in  3.5  parts.  The 
result  for  alcohol  of  U.  S.  Pharmacopoeial  strength,  viz,  92.3  weight 
per  cent,  according  to  the  present  results  for  25°  is  seen  to  be  1 part 
in  2.13  parts  by  weight. 

Solubility  of  salicylic  acid  in  organic  solvents  at  25°.- — In  these 
determinations  the  excess  of  acid  was  shaken  with  the  solvent  in 
each  case  for  two  days  at  25°  and  the  clear  saturated  solution  weighed 
in  a pycnometer,  transferred  to  a glass-stoppered  bottle,  and  titrated 
with  standard  alkali,  using  phenolphthaleine  as  indicator.  The 
results  are  given  in  Table  No.  XXVIII.  Onlv  a few  determinations 
are  to  be  found  in  the  literature  with  which  to  compare  the  present 
results,  and  for  most  of  these  the  different  temperature  standards 
make  an  accurate  comparison  impossible.  In  the  ca.se  of  benzene 


«Cf.  Seidell’s  Solubilities  of  Inorganic  and  Organic  Substances  (1907),  p.  274. 
(D.  Van  Nostrand  Co.) 
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the  value  obtained  by  Walker  and  Wood®  is  0.78  grams,  CgH^COH) 
coon  per  100  grams,  CJIo  at  25°,  instead  of  0.86  grams  per  100 
grams  of  benzene  as  reported  in  the  accompanying  table.  These 
same  authors  also  give  the  following  figures  for  the  solubility  in 
acetone  and  in  ether.  One  hundred  cubic  centimeters  of  acetone 
solution  at  23°  contained  31.3  grams  of  the  acid  and  100  cubic  centi- 
meters of  the  ethereal  solution  at  17°  contained  23.4  grams.  The 
weight  of  salicylic  acid  per  100  cubic  centimeters  of  saturated  ethereal 
solution  as  calculated  from  the  accompanying  results  at  25°  is  27.68 
grams.  According  to  several  of  tlie  pharmaceutical  reference  books, 
the  solubility  of  salicylic  acid  in  chloroform  is  given  at  1.25  grams 
per  100  grams  CHCI3  at  about  15°,  which  is,  as  would  be  expected, 
somewhat  below  the  value  1.67  gi'ams  shown  below.  A value  for 
amyl  alcohol  is  given  by  TIager  as  1 ])art  in  3.5  parts,  which  is  some- 
what above  the  present  figure  of  1 part  per  4.89  parts  at  25°. 

Table  No.  XXVIII. — Solubility  of  salicylic  acid  in  organic  solvents  at  25° . 


d26  of 
saturated 
solution. 

C(jinOHCOOH  dissolved  per  100. 

Solvent  to  dis- 
solve 1 gram 
CoinOIICOOH. 

Solvent. 

d of  solvent. 

Grams 

saturated 

solution. 

Grams 

solvent. 

cc. 

solvent. 

Amyl  alcohol  (iso.) 

d2o=0. 817 

0.878 

Grams. 
20. 47 

Grams. 
25. 73 

Grams. 

21.02 

Grams. 

4.89 

Amyl  acetate 

d2o=0*  875 

0.917 

10. 07 

20.00 

17.50 

5.00 

Benzene 

d2i=0. 873 

0. 875 

0.85 

0.86 

0. 75 

116.  (iO 

Carbon  bisulphide 

d25=  1.259 

1.259 

0.23 

0.23 

0.29 

434. 00 

Carbon  tetrachloride 

d2o=  1.587 

1.587 

0.25 

0.25 

0. 40 

399.00 

Chloroform 

d23=  1.476 

1.477 

1.04 

1.67 

2. 46 

60.00 

Cumene 

d2o=0. 863 

0.889 

0. 86 

0. 87 

0.  75 

115.00 

Ether  (abs.) 

d22=  0.711 

0. 857 

32. 29 

47.68 

33.90 

2. 10 

Ligroin 

d23=0.  714 

0.714 

0.13 

0. 13 

0.09 

768.00 

Nitrobenzene 

d23=  1.205 

1.200 

2.18 

2.  23 

2.68 

44.90 

Spirits  of  turpentine 

d2o=0. 865 

■0.  854 

2.  22 

2.27 

1.96 

44.10 

Toluene 

di5=  0.872 

0. 863 

0. 84 

0.85 

0.  74 

118.00 

Xylene 

^4 

00 

0 

11 

0.860 

0.90 

0. 91 

0. 78 

110.00 

Methods  for  the  determination  of  salicylates. — In  beginning  the  work 
upon  the  solubilities  of  the  salicylates  it  appeared  desirable  to  find  a 
method  for  the  accurate  analysis  of  the  various  samples  required  and 
for  determining  the  quantities  of  the  several  salts  dissolved.  The 
experiments  were  directed  in  the  first  place  toward  those  methods  by 
which  the  salicylic  radicle  could  be  estimated.  Of  these,  two  are 
described  in  the  literature  as  the  Freyer  bromate  method  and  the 
Messinger  and  Vortmann  iodine  method,  respectively.  Attempts 
were  therefore  made  to  apply  each  of  these  methods  to  the  salicylates 
described  in  the  following  pages,  but  the  results  were  uncertain,  and 


aj.  ('hem.  Soc.,  Lend.,  73,  G20,  1898. 
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it  was  found  that  with  both  methods  the  Ihiiits  of  the  conditions 
within  which  the  reactions  ])roceed  according  to  the  accepted  equa- 
tions are  so  narrow  that  the  results  obtained  under  ordinary  condi- 
tions were  of  uncertain  reliability.  The  details  of  the  exj)eriments 
which  led  to  this  conclusion  have  been  published  elsewhere  “ and 
therefore  neetl  not  be  given  here. 

In  regard  to  the  methods  for  the  determination  of  the  inorganic 
constituent  of  the  salts  it  will  be  noted  that  the  procedures  recom- 
mended by  the  pharmacopeia  vary  for  each  of  the  three  different 
basic  constituents  present,  viz,  for  the  sodiiun,  lithium,  and  strontiiun 
salts.  In  the  first  case  the  sami)le  is  ignited  and  the  asli  titrated  with 
standard  acid;  in  the  secoiul  it  is  mixed  witli  anmionium  sulphate 
and  ignited  in  order  to  convert  the  lithium  to  lithium  sul])liate;  with 
the  last,  concentrated  sulphuric  acid  is  prescribed  as  the  agent  for 
converting  the  residue  to  strontium  sulphate.  As  has  been  shown 
in  the  case  of  sodium  benzoate  (p.  28),  so  also  with  sodium  salicylate 
has  it  been  found  necessary  to  extract  the  fii’st  ignited  residue  of  the 
sample  with  water  ami  ignite  the  unburned  carbon,  adding  tlie  solu- 
tion of  this  second  ash  to  the  first  in  order  to  have  all  the  sodium  in 
available  form  for  the  titration  with  standard  acid.  With  this  pre- 
caution the  pharniacopoeial  method  for  sodium  salicylate  is  entirely 
satisfactory. 

Some  years  ago  a method  for  the  determination  of  salicylates  was 
})roposed  by  Barthe,''  according  to  which  an  excess  of  hydrochloric 
acid  was  adtled  to  the  aqueous  solution  of  the  sample  of  salicylate 
and  the  mixture  evaporated  to  dryness  at  not  over  50°.  The  residue, 
consisting  of  free  salicylic  acid  ami  the  chloride  of  the  base,  was  then 
titrated  with  standard  alkali,  using  phenolphthaloine  as  indicatoi-,  and 
subsequently  the  chloride  was  titrated  with  standard  silver  nitrate 
solution.  In  view  of  the  experiments  of  h^i-esenius  and  Grunhut,^^  who 
found  that  satisfactoiy  results  for  salicylic  acid  could  not  be  obtained 
by  any  method  of  liberating  salicylic  acid,  shaking  out  with  volatile 
solvents  and  evaporating  at  a very  low  temperature,  it  did  ajq)ear 
advisable  to  attempt  the  determination  of  salicylic  acid  as  suggested 
by  Barthe,  but  it  was  believetl  that  the  determination  of  the  base  by 
titration  of  the  chloride  might  yield  good  results.  Ex])eriments  along 
this  line  were  therefore  made,  including,  however,  a modification  for 
removing  as  much  as  possible  of  the  free  salicylic  acirl  before  titrating 
the  chloride.  The  following  results  were  obtained  upon  a sample 
of  sodium  salicylate  which  contained  100.2  per  cent  CfiIl40IlC00Na 
on  the  basis  of  the  determination  made  by  the  })hannaco|)oeial  method 
modified  as  above  mentioned.  50  grams  were  dissolved  in  water  and 


o Seidell,  J.  Am.  Chem.  Soc.,  31,  1168-77.  1909. 
b Bull.  800.  ohim.,  (3)  11,  517,  1894. 
c Z.  anal.  Chem.,  38,  292,  1899. 
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diluted  to  500  cubic  centimeters.  An  excess  of  IICl  was  added  to 
aliquot  portions  of  this  solution,  which  were  then  eva[)orated  to  dry- 
ness on  the  steam  bath  and  either  filtered  and  just  neutralized  with 
alkali  before  the  titration  with  standard  silver  nitrate,  or  the  residue 
(determination  No.  2)  was  gently  ignited  to  remove  the  free  salicylic 
acid  before  the  titration  for  chlorides. 


Determi- 

nation 

No. 

Salicylate 

solution. 

CeinOIICOONa. 

0.1  N ArNOs 
required. 

Calc. 

CsinOHCOONa. 

C.  c. 

Grams. 

C.  c. 

Per  cent. 

1 

25 

0. 250 

15.  0 

99.9 

2 

50 

0. 500 

31.3 

100.2 

3 

75 

0.750 

47.0 

100.  3 

These  results  show  that  in  the  case  of  sodium  salicylate  this  method 
is  as  reliable  as  that  of  the  pharmacopoeia;  that  it  will  prove  equally 
so  in  the  case  of  the  other  salicylates  is  hardly  to  be  doubted.  If 
further  experiments  should  confirm  this  expectation  we  would  then 
have  a single  procedure  for  these  salts  instead  of  three  as  is  now 
the  case. 

Solubility  of  ammonium  salicylate  in  aqueous  alcohol  solutions. — In 
the  case  of  this  compound  two  series  of  determinations  were  made 
with  two  samples  of  the  salt.  In  one  case  the  solutions  were  allowed 
two  days  for  reaching  equilibrium  and  in  the  other  something  over  a 
week.  It  was  evident  that  the  shorter  time  was  am])le;  in  fact.it 
seems  probable  that  even  ten  hours  would  have  been  sufficient.  The 
two  samples  of  material  were  each  analyzed  as  follows:  A weighed 
quantity  of  the  salt  was  transferred  to  a 200  cubic  centimeter  flask, 
dissolved  in  water  and  diluted  to  the  mark.  Aliquot  })ortions  of  the 
solution  containing  1 to  2 grams  ammonium  salicylate  v^ere  j)laced 
in  a Kjeldahl  distilling  flask  with  25  cubic  centimeters  of  normal 
alkali.  The  liberated  ammonia  was  distilled  into  25  cubic  centi- 
meters of  normal  acid,  and  the  excess  of  acid  in  the  receiver  titrated 
back  with  standard  alkali  and  the  excess  of  alkali  in  the  distil- 
lation flask  titrated  back  with  standard  acid.  The  amount  of  alkali 
equivalent  to  the  ammonia  in  both  cases  agreed  fairly  satisfactorily. 
From  these  readings  the  amount  of  ammonia  and  thus  of  the  am- 
monium salicylate  in  the  aliquot  portion  of  the  solution  was  easily 
calculated.  According  to  this  method  the  two  samples  gave  the  fol- 
lowing results  expressed  in  the  percentage  of  Ccir40II.C00NH4 
present.  Sample  (a),  96.8  per  cent;  sample  (b),  98.7  per  cent. 
Although  one  of  these  samples  was  below  the  United  States  Pharma- 
copoeia requirement  and  the  other  above,  the  solubility  determina- 
tions made  with  them  gave  a curve  in  which  no  irregularities  could 
be  traced  definitely  to  either  sample.  It  may  be  mentioned  that  of 
the  results  shown  in  Table  No.  XXIX,  the  second,  third,  and  sixth 
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were  made  with  sample  (a),  and  the  others  with  sample  (b).  The 
imj)urity  in  the  two  samples  was  apparently  principally  moisture, 
and  it  might  therefore  be  expected  that  in  the  solvents  of  higher 
alcoholic  content  the  presence  of  this  water  would  impair  the  results. 
That  it  did  not  do  so  to  an  appreciable  extent  is  probably  due  to 
the  lack  of  greater  exactitude  in  the  method  by  which  the  determina- 
tions were  made. 


Table  No.  XXIX. — Solubility  of  ammonium  salicylate  in  aqueous  alcohol  solutions 

at  25°. 


EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solution 
at  25°. 

C6H4OHCOO- 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
CoHjOH. 

NH4  per  100 
grams  satu- 
rated solution. 

1.00 

0.00 

1.148 

Grams.  ■ 
50.8 

0. 980 

8.9 

1.137 

50.8 

0.955 

32.0 

1. 104 

49.3 

0.872 

70.2 

1.014 

42.0 

0.828 

88.0 

0.940 

33.1 

0. 819 

91.4 

0. 932 

30.5 

0.805 

90.3 

0. 901 

20. 5 

0.794 

99.8 

0. 875 

22.3 

CALCULATED  DETERMINATIONS. 

These  results  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  figures  were  read  or  calculated: 


Per  cent  by 
weight  of 
CsU.OII 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

CcILOHCOONIL 
per  100  grams. 

Solvent  to 
dissolve  1 
gram  C6II4- 
OHCOONIL. 

Saturated 

.solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1. 148 

50.8 

103. 2 

0. 909 

20.0 

1.122 

50.3 

101.2 

0.988 

40.0 

LOSS 

48.3 

93. 4 

1.070 

50.0 

1.007 

40.7 

87.0 

1.141 

00.0 

1.042 

44.7 

80.8 

1.237 

70.0 

1.015 

42.0 

72.4 

1.381 

80.0 

0.979 

38.0 

01.3 

1.0)31 

85.0 

0. 9.58 

35. 0 

53.9 

1.857 

90.0 

0. 930 

31.0 

40. 2 

2. 105 

a 92.  3 

0.  925 

30.0 

42. 80 

2.333 

95.0 

0.  907 

27.8 

38.5 

2. 590 

100. 0 

0. 875 

22.3 

28.7 

3. 484 

a U.  S.  Pharmacopana  strength. 


Attention  should  be  called  here  to  the  observation  that  on  diluting 
to  200  cubic  centimeters  the  weighed  portions  of  each  of  the  satu- 
rated solutions,  except  the  one  in  water  alone,  considerable  ojialescence 
resulted.  This  opjdescence  increased  with  increasing  alcohol  con- 
tent of  the  solvent.  The  cause  of  this  separation  of  a portion  of  the 
constituents  of  the  compound  may  possibly  have  been  due  to  a 
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certain  amount  of  dissociation  of  the  ammonium  salicylate  by  the 
alcohol,  yielding  some  salicylic  acid  which  remained  dissolved  in  the 
alcohol  but  separated  upon  the  addition  of  water.  In  withdrawing 
the  aliquot  portions  from  each  of  the  200  cubic  centimeters  dilutions 
for  the  determination  of  ammonia,  the  solutions  were  well  shaken  and 
no  attempt  made  to  use  only  the  clear  portion.  The  ammonia 
determinations  were  made  by  distilling  as  described  for  the  analyses 
of  the  sample  of  salt  employed.  A comparison  of  the  standard 
alkali  neutralized  in  the  distillation  flask  and  of  the  amount  equiv- 
alent to  the  liberatetl  ammonia  showed  no  regular  differences  with 
increase  of  alcoholic  content,  indicating  that  even  if  a portion  of  the 
salicylic  acid  of  the  compound  was  set  free  by  the  alcohol,  the  am- 
monia simultaneously  liberated  was  not  lost  in  the  subsequent  treat- 
ment of  the  solution. 

The  curve  (see  fig.  6)  plotted  from  the  determined  results  is  found 
to  descend  regularly  with  increase  of  the  strength  of  the  alcohol.  It 
bows  upward  as  a result  of  the  fact  that  the  increase  in  the  solubility 
of  the  ammonium  salicylate  proceeds  slowly  at  first,  but  with  increas- 
ing concentration  of  alcohol  in  the  solvent  its  decrease  is  much  more 
rapid.  Tins  bowing  of  the  curve  from  a straight  line  shows  that 
the  water  and  alcohol  in  the  several  solvents  do  not  act  independently 
in  their  solvent  action  upon  the  ammonium  salicylate;  that  is,  the 
amount  dissolved  by  any  mixture  of  water  and  alcohol  is  more  than 
the  amount  dissolved  by  the  quantity  of  water  present  plus  the 
amount  dissolved  by  the  quantity  of  alcohol  present. 

A comparison  of  the  results  of  the  present  determinations  with 
those  quoted  in  the  U.  S.  Pharmacopoeia  shows  that  the  latter  are 
somewhat  higher.  According  to  the  U.  S.  Pharmacopoeia,  1 gram 
of  ammoniiini  salicylate  is  dissolved  by  0.9  grams  H2O  and  by  2.3 
grams  of  oflicial  alcohol  at  25°  or  100  grams  of  water  dissolve  111  gram 
ammohium  salicylate  and  100  grams  official  alcohol  46  grams  of 
the  salt.  The  present  results  are  103.2  and  42.9  grams,  respectively, 
for  the  amounts  dissolved  by  100  grams  of  each  by  the  two  pure 
solvents. 

Solubility  of  bismuth  subsalicylate  in  aqueous  alcohol  solutions.— 
Solubility  determinations  were  made  upon  a sample  of  “Bismuth 
Salicylate,  Merck — basic  64  per  cent  Bi20,”  by  the  same  procedure 
followed  for  the  determinations  already  described.  The  amounts 
dissolved  were  determined  in  the  usual  way  by  evaporation  and 
drying  in  a vacuum  desiccator,  but  the  quantities  of  the  residues 
were  so  small  that  the  results  are  not  entirely  free  from  criticism. 
When,  however,  the  values  were  plotted  on  cross-section  paper,  the 
average  curve  drawn  through  them  was  no  doubt  very  close  to  the 
true  results  for  the  particular  sample  employed.  The  figures  read 
from  this  curve  are  as  follows: 
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Per  cent  by 
weight  of 
C2H5OH  in 
solvent. 

CsinOH-COO-- 
OBi  per  100 
grams  satu- 
rated solution 
at  25°. 

0.0 

Grams. 

0.010 

20.0 

0.015 

40.0 

0.022 

60.0 

0. 03() 

80.0 

0. 065 

90.0 

0.095 

0 92.  3 

0. 105 

100.0 

0. 160 

o U.  S.  I’harmacopoeia  strength. 


The  statement  in  most  of  the  pharmaceutical  reference  books  is 
that  bismuth  subsalicylate  is  almost  insoluble  in  water.  The  above 
figures  will  serve  only  to  show  about  how  insoluble  the  salt  is,  for  it  is 
evident  that  different  samples  will  give  different  results,  depending 
upon  their  actual  composition. 

Solubility  of  lithium  salicylate  in  aqueous  alcohol  sooutions. — The 
sample  used  for  these  solubility  determinations  was  analyzed  by 
the  method  given  in  the  U.  S.  Pharmacopoeia.  According  to  this 
method,  the  weighed  portion  of  the  material  is  intimately  mixed 
with  anhydrous  ammonium  sulphate  and  the  mixture  fused,  the 
amount  of  lithium  sulphate  obtained  being  calculated  to  salicylate. 
The  original  sample  as  received  from  the  manufacturer,  as  well  as  a 
recrystallized  portion  of  the  same,  yielded  practically  identical 
results  by  this  method  as  did  also  the  residues  which  were  obtained 
from  the  solubility  determinations  after  drying  to  constant  weight 
in  a vacuum  desiccator.  The  average  of  these  determinations  was 
05.5  per  cent  of  anhydrous  lithium  salicylate,  or  101.5  per  cent  of 
CgH^OHCOOLi  + 2H2O.  The  lithium  sulphate  residues  that  were 
obtained  were  powdered  and  mixed  and  analyzed  by  means  of  a 
determination  of  SO4.  The  calculated  LijSO^  was  found  in  this 
way  to  be  approximately  1 per  cent  too  high,  showing  that  the 
lithium  salicylate  itself  was  probably  contaminated  with  some  other 
alkali.  Assuming  this  to  be  the  case,  the  calculated  101.5  percent 
of  CgH^OHCOOLi  + ^kTO  instead  of  an  even  100  per  cent  would 
be  easily  explained  by  assunyng  the  presence  of  admixed  sodium 
or  potassium  salicylate.  Since  the  process  of  recrystallization  of 
the  original  material  from  strong  alcohol  had  not  yielded  a better 
product,  other  attempts  to  effect  an  improvement  were  not  made. 
The  accompanying  solubility  determinations  are  therefore  open  to 
the  criticism  that  more  or  less  impure  material  was  used.  It  is 
probable,  however,  that  the  errors  due  to  the  possible  impurities  of 
the  sample  are  comparatively  small  and  the  results  as  given  in  the 


44678°— Bull.  67—10 5 


66 


accompanying  table  No.  XXX  are  of  sufficient  reliability  for  all 
practical  purposes. 

Table  No.  XXX. Solubility  of  lithium  salicylate  in  aqueous  alcohol  solutions  at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solu- 
tion at  25°. 

CemOHCOO- 
Li-t-i  H2O 
per  100  grams 
saturated  solu- 
tion. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
C2H5OH. 

Dist.  H2O 

0.0 

1.209 

Orams. 

56.0 

0.986 

8.9 

Not  det. 

55.9 

0. 954 

32.  4 

1.159 

54.2 

0.915 

51.6 

1. 120 

52.0 

0.869 

71.5 

1.080 

49.2 

0. 815 

92.6 

1.021 

45.  4 

0.804 

96.6 

1.018 

45.6 

0.794 

99.9 

1.027 

48.2 

CALCULATED  DETERMINATIONS. 

The  above  results  plotted  on  cross  section  paper  yielded  a curve 
from  which  the  following  results  were  obtained; 


Weight  per 
cent  of 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

CfimOHCOOLi-hJ 
II2O  per  100  grams. 

Solvent  to 
dissolve  1 
gram  of  Cell < 
OHCOOLi-l- 
i H2O. 

C2H5OH  in 
solvent. 

Saturated 

solution. 

Solvent. 

0 

1.209 

Orams. 

56.0 

Grams. 

127.3 

Orams. 

0. 786 

10 

1.195 

55.9 

126.8 

0.  789 

20 

1. 180 

55.  4 

124.3 

0.805 

30 

1.163 

54.7 

120.8 

0.  828 

40 

1.144 

53.7 

116.0 

0.862 

50 

1.124 

52.5 

110.5 

0.905 

60 

1. 104 

51.1 

104.5 

0.957 

70 

1.083 

49.5 

98.0 

1.021 

80 

1.056 

47.5 

90.5 

1. 105 

90 

1.026 

45.8 

84.5 

1.183 

092.3 

1.020 

45.6 

83.8 

1.193 

100 

1.027 

48.2 

93. 1 

1.075 

a U.  S.  Pharmacopoeia  strength. 


The  amounts  of  lithium  salicylate  dissolved  were  determined  by 
evaporating  the  solvents  and  drying  the  residues  in  a vacuum  desic- 
cator containing  concentrated  sulphuric  acid  at  room  temperature.  In 
the  case  of  a duplicate  determination  of  the  solubility  in  water,  how- 
ever, the  solvent  was  evaporated  in  a drying  oven  at  about  60°,  and 
in  this  case  the  residue  which  was  obtained  was  found  upon  analysis 
to  be  almost  anhydrous  lithium  salicylate.  It  differed  considerably 
in  physical  appearance  from  the  crystalline  residues  obtained  in  the 
other  cases  and  therefore  lends  further  evidence  to  the  conclusion 
that  the  ordinary  crystalline  lithium  salicylate  contains  one-half 
molecule  of  water  of  crystallization  instead  of  being  anhydrous,  as 
described  in  the  U.  S.  Pharmacopoeia. 


67 


The  solubility  curve  (see  fig.  6)  presents  one  unexpected  peculiarity 
in  that  a minimum  point  is  reached  at  a concentration  of  about  95 
weight  per  cent  alcohol. 

Very  few  results  are  given  in  the  literature  with  which  the  present 
values  can  be  compared.  The  only  statement  in  the  U.  S.  Pharma- 
copoeia is  to  the  effect  that  lithium  salicylate  is  very  soluble  in  water 
and  alcohol.  Results  from  other  sources  vary  from  1 part  in  0.75 
to  1 part  in  1.0  part  of  water  and  from  1 part  in  2.0  parts  to  1 part 
in  1 part  of  alcohol.  These  figures  are  uncertain,  however,  since  they 
may  refer  to  the  anhydrous  salt,  or,  as  is  more  likely,  to  a temperature 
dilferent  from  that  at  which  the  present  values  were  determined. 

Solubility  of  methyl  saUoylate  in  aqueous  alcohol  solutions  at  23°. — 
This  compound,  being  a liquid  at  ordinary  temperatures,  does  not 
require  the  usual  procedure  for  determination  of  its  solubility  in 
alcohol  solutions  that  has  been  adopted  for  the  solid  compounds.  The 
titration  method  described  under  ethyl  acetate  (p.  13)  may  be  used 
with  satisfactorv  results.  The  method  there  described  was  modified, 
however,  to  some  extent  in  the  present  case  in  order  to  insure  a 
more  accurate  control  of  the  temperature,  since  the  change  of  solu- 
bility with  temperature  is  very  great  with  this  compound.  The 
details  of  the  determinations  are  as  follows:  The  measured  volume 
of  the  a({ueous  alcoholic  solvent  of  determinetl  strength  is  brought 
to  nearly  25°  in  a 100  cubic  centimeters  Erlenmeyer  flask;  the 
methyl  salicylate  is  added  slowly  from  a burette  until  a permanent 
clouding  is  observed.  A thermometer  is  kej)t  in  the  flask  and  the 
temperature  noted  during  tlie  addition  of  the  salicylate.  The  tem- 
})erature  of  the  flask  can  l)e  controlled  by  warming  with  the  haiuls 
or  cooling  under  the  cold-water  faucet.  The  last  few  drops  of 
methyl  salicylate  must  be  added  just  as  the  temperature  stands  at 
25°.  The  burette  is  read  and  the  specific  gravity  of  the  saturated 
solution  is  immediately  determined  by  the  pycnometer  method.  For 
the  determinations  of  the  solubility  marie  at  various  temperatures 
(Table  No.  XXXII)  the  solvent  was  cooled  to  the  lowest  temperature 
desired,  viz,  15°,  and  the  reading  of  the  metli3d  salicylate  taken  just 
on  appearance  of  opalescence  at  this  point;  the  temperature  was 
then  allowed  to  rise  to  20°  and  the  addition  of  methvl  salicylate 
continued  until  the  end  point  at  this  temperature  was  observed, 
and  so  on  with  the  25°  and  30°  determinations. 

The  sample  of  methyl  salicylate  (artificial  oil  of  wintergreen)  was 
purified  b\"  distillation  and  the  fraction  obtained  at  220°  to  221° 
(cor.)  used  for.  the  solubilit}^  determinations.  The  specific  gravit}^ 
of  both  the  original  and  the  distilled  portion  of  the  sample  was 
found  to  be  1.182  at  25°. 
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Table  No.  XXXI. — Solubility  of  methyl  salicylate  in  aqueous  alcohol  solutions  at  26°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solution 
at  25°. 

C6H4OHCOOCH3 
per  100  c.  c.  aq. 
alcohol. 

C6H40HC00CH3 
per  100  grams 
saturated  so- 
lution. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
C2H5OH. 

Cubic  centimeters. 

Grams. 

Dist  H2O 

0.0 

1.000 

(Ca.)  0.1 

0.12 

0.955 

32.0 

0.955 

0.5 

0.61 

0.9164 

51.0 

0. 924 

5.3 

6.40 

0.8718 

70.2 

0.944 

34.0 

31.56 

0.8441 

81.4 

1.090 

270.0 

79.09 

0.8234 

89.6 

00 

CALCULATED  RESULTS. 

The  above  determinations  plotted  on  cross-section  paper  yielded 
a curve  from  which  the  following  results  were  obtained: 


Per  cent  by 
weight  of 
C2II6OH 
in  solvent. 

Specific  grav- 
ity of  satu- 
rated solution 
at  25°. 

C6H4OIICOOCH3  per  100 
grams. 

Solvent  to  dis- 
solve 1 gram 
Cemoii 
COOCIIs. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0 

1.000 

0.12 

0.12 

832.00 

30 

0.958 

0. 60 

0.61 

166.00 

40 

0.940 

2.30 

2.35 

42.50 

50 

0.925 

6.20 

6.61 

15.10 

55 

0.922 

10.00 

11.10 

9.00 

60 

0. 923 

18.60 

22.87 

4.37 

65 

0.929 

30.50 

43.88 

2.28 

70 

0.943 

39.40 

65.01 

1.54 

75 

0.974 

58.50 

141.00 

0.71 

80 

1.050 

72.00 

275. 10 

0.39 

The  results  obtained  for  25°  have  been  calculated  to  the  usual 
terms  adopted  for  the  other  compounds  and  are  given  in  Table  No. 
XXXI.  The  value  for  the  solubility  in  water  alone  is  more  or  less 
uncertain  since  the  first  few  drops  of  the  salicylate  added  to  50  c.  c. 
of  water  apparently  remained  undissolved.  The  opalescence  which 
is  produced  in  the  solutions  of  higher  alcoholic  concentration  by  an 
excess  of  salicylate  is  not  observed  in  water  alone,  and  the  detection 
of  the  end  point  is  therefore  uncertain.  Determinations  of  the  solu- 
bility in  water,  which  are  no  doubt  very  accurate,  have  recently  been 
reported  by  Gibbs.®  They  were  made  by  agitating  an  excess  of  the 
salicylate  with  pure  water  for  eighteen  hours  or  longer  and  analyzing 
the  clear  solution  by  a colorimetric  method.  The  result  for  30°  was 
0.074  grams  CeH^OHCOOCHg  per  100  cubic  centimeters  HgO.  From 
the  present  results  it  is  seen  that  very  little  increase  of  solubility  of 
methyl  salicylate  occurs  even  up  to  approximately  30  per  cent 
alcohol.  Beyond  this  point  the  increase  is  more  rapid,  and  between 
60  and  80  per  cent  alcohol  the  curve  (see  figure  6)  turns  up  very 
abruptly,  evidently  reaching  the  point  corresponding  to  complete 
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miscibility  of  the  methyl  salicylate  at  about  85  weight  per  cent 
alcohol.  There  are  no  quantitative  figures  for  the  solubility  of 
methyl  salicylate  in  alcohol  to  be  found  in  the  U.  S.  Pharmacopoeia 
or  indeed  in  the  chemical  literature.  The  available  statements  are, 
to  the  effect  that  it  is  slightly  soluble  in  water  and  in  all  proportions 
in  alcohol.  The  results  show  that  the  first  part  of  this  statement  is 
true  not  only  for  water  but  even  for  alcoholic  solutions  up  to  about 
40  per  cent  strength.  The  complete  miscibility,  on  tlie  other  hand, 
aj)plies  for  alcoholic  solvents  of  only  about  85  weiglit  per  cent  or 
more,  and  below  this  strength  the  amount  dissolved  diminishes  very 
rapidly,  with  lowering  of  alcoholic  strength. 

Table  No.  XXXII. — Solubility  of  methyl  salicylate  in  aqueous  alcohol  solutions  at 

different  temperatures. 

EXPERIMENTAL  DETERMINATIONS. 


Per  cent  by 
weight  of 
CjHsOH 
in  solvent. 

CeHiOHCOOCUs  per  100  c.  c.  alcoholic 
solvent  at— 

15°. 

o 

o 

25°. 

30°. 

c.  c. 

c.  c. 

c.  c. 

c.  c. 

0.0 

(Ca.)0. 1 

0.1 

0. 1 

0.1 

32.0 

0.3 

0.4 

0.5 

0.0 

51.0 

3.  4 

4. 1 

5.3 

6.2 

70.2 

22.8 

27.  4 

34.0 

43.2 

81.4 

IGO.O 

214.0 

270.0 

335.0 

INTERPOLATED  RESULTS. 

The  above  determinations  plotted  on  cross-section  paper  yielded 
curves  from  which  the  following  values  were  obtained: 


Per  cent  by 
weight  of 
CjlIsOII 
in  soivent. 

CelliOnCOOCIIs  per  100  c.  c.  alcoholic 
soivent  at— 

15°. 

20°. 

O * 

30°. 

c.  c. 

c.  c. 

c,  c. 

c.  c. 

0 

(Ca.)0. 1 

0.  1 

0.1 

0. 1 

30 

0.3 

0.4 

0.5 

0.6 

40 

0.8 

1. 1 

1.  4 

1.8 

50 

2.4 

3.5 

5.0 

6.0 

55 

4.2 

6.0 

7.8 

9.5 

60 

7.7 

10.0 

12.5 

15.5 

65 

13.0 

16.5 

20.2 

24.5 

70 

22.0 

28.0 

33.0 

40.0 

75 

43.0 

52.0 

62.0 

72.0 

80 

92.0 

135.0 

180.0 

230.0 

Another  point  of  mucli  importance  in  connection  witli  this  com- 
pound is  the  great  effect  of  temperature  upon  the  solubility.  The 
variations  between  15°  and  30°  are  shown  very  strikingly  by  the 
results  contained  in  Table  No.  XXXII.  It  will  be  noticed  that  at 
nearly  every  concentration  of  alcohol  the  amount  of  methyl  salicylate 
dissolved  is  more  than  doubled  tlirough  the  range  of  15°  of  tem- 
perature. 

The  solubility  of  phenyl  salicylate  in  aqueous  alcohol  solutionis. — The 
sample  used  for  the  solubility  determinations  was  analyzed  by 
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saponifying  in  a closed  flask  and  titrating  the  excess  of  alkali  used. 
The  results  showed  the  material  to  be  of  practically  100  per  cent 
purity. 

Only  one  series  of  solubility  determinations  was  made,  the  time  of 
shaking  being  two  days.  The  amount  of  phenyl  salicylate  was  deter- 
mined by  evaporation  of  the  solvents  at  55-60°  and  drying  the 
residues  to  constant  weight  in  a vacuum  desiccator.  The  results  are 
given  in  Table  No.  XXXIII  and  the  curve  in  figure  6. 

The  amount  dissolved  by  water  according  to  the  present  deter- 
mination is  only  about  one-third  that  reported  by  the  pharmacopada. 
The  actual  amount,  however,  in  both  cases  is  verv  small  and  the  state- 
ment  of  most  of  the  other  reference  books  that  salol  is  almost  insoluble 
in  water  is  perhaps  suflicient  for  all  practical  purposes.  In  regard  to 
the  figures  ipioted  for  alcohol  very  great  variations  exist  in  the  litera- 
ture. Thus  it  is  given  as  1 part  in  5 by  the  IT.  S.  Pharmaco])a'ia,  as 
1 part  in  10  by  most  of  the  German  authorities,  and  as  1 jiart  in  20 
by  Sc[uire’s  Companion  to  the  British  Pharmacopoeia.  The  present 
results  show  that  the  value  cjiioted  by  the  U.  S.  Pharmacopada  is 
very  near  the  correct  figure. 


Table  No.  XXXIII. — Solubility  of  phenyl  salicylate  in  aqueous  alcohol  at  25°  C. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  saturated 
solution  at 
25°  C. 

C6II4OII- 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
C2II5OH. 

COOCoIls  per 
100  grams  sat- 
urated solution. 

Dist.  H2O 

0.0 

0.999 

Grams. 

0. 015 

0.986 

8.9 

0.985 

0.018 

0.954 

32.0 

0.950 

0.067 

0.916 

51.0 

0.912 

0.861 

0.872 

70.2 

0.877 

4.44 

0.828 

88.0 

0. 863 

11.91 

0.805 

96.3 

0.878 

26. 68 

0.794 

99.8 

0.897 

34.73 

CALCULATED  DETERMINATIONS. 

The  above  results  plotted  on  cross-section  paper  yielded  a curve 
from  which  the  following  results  were  read: 


Per  cent  by 
weight  of 
CcIIsOII  in 
solvent. 

Specific 
gravity  sat- 
urated solu- 
tion at 
25°  C. 

CelLOIICOOCsIIt, 
per  100  grams. 

Solvent  to 
dissolve  1 
gram  CUL- 
OlICOOCcIR. 

Saturated 

solution. 

Solvent. 

Per  cent. 

Grams. 

Grams. 

Grams. 

0 

0.999 

0.015 

0.015 

6665. 00 

20 

0. 967 

0.020 

0.020 

5tKK).  00 

40 

0.934 

0.220 

0. 220 

453.50 

50 

0.914 

0. 760 

0. 770 

130. 60 

60 

0.895 

2.100 

2.150 

46. 62 

70 

0.877 

4.400 

4.000 

21.73 

80 

0.863 

7.700 

8.340 

11.99 

90 

0.865 

14.000 

16.280 

6.14 

0 92.3 

0. 868 

17.700 

21.510 

4.65 

100 

0.898 

35. 000 

53.860 

1.86 

“U.  S.  Pharmacopoeia  strength. 
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The  solubility  of  quinine  salicylate  in  aqueous  alcohol  solutions. — The 
material  used  for  these  solubility  determinations  bore  the  label 
“Quinine  salicylate,  Merck,”  and  consisted  of  very  light  fibrous  white 
crystals  which  melted  at  approximately  195°.  The  U.  S.  Pharma- 
copoeia gives  the  melting  point  as  183°  to  187°  with  decomposition. 
No  other  tests  for  the  identification  or  purity  of  the  product  were 
made.  The  solubility  determinations  were  carried  out  in  the  usual 
manner,  the  solvents  being  evaporated  and  the  residues  dried  in  a 
vacuum  desiccator  at  room  temperature.  The  results  are  given  in 
Table  No.  XXXIV  and  the  curve  in  figure  6. 

The  curve  shows  a maximum  point  at  about  90  weight  per  cent 
alcohol.  The  values  for  the  solubility  in  water  and  in  alcohol  of 
U.  S.  Pharmacopoeia  strength  differ  considerably  from  those  quoted 
in  the  U.  S.  Pharmacopoeia;  the  present  results  being  1 part  in  1,538 
and  20.65,  respectively,  for  water  and  alcohol,  and  those  of  the 
Pharmacopoeia  being  1 part  in  77  and  1 part  in  11. 

As  is  generally  the  case  with  the  solubilities  of  alkaloids  and  their 
salts,  the  values  quoted  in  the  literature  for  quinine  salicylate  are  very 
variable.  Thus,  for  the  solubility  in  water,  figures  are  given  all  the 
way  from  1 part  in  77  parts  to  1 part  in  630  parts  of  water,  and  for 
alcohol  from  1 part  in  11  to  1 part  in  25.  Such  great  differences  can 
not  be  satisfactorily  explained,  and,  as  has  been  mentioned  in  the  first 
part  of  this  bulletin,  the  subject  of  the  solubilities  of  the  alkaloids  is 
one  upon  which  there  is  the  most  pressing  need  for  investigation. 

Table  No.  XXXIV. — Solubility  of  quinine  salicylate  in  aqueous  alcohol  solutions 

at  25°  C. 

EXPERIMENTAL  RESULTS. 


Solvent. 

Specific  grav- 

CelLOIICOOn. 

CcoH24N202-1- 

JI120  per  100 
grains  satu- 
rated solution. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
CjHsOH. 

ity  of  satu- 
rated solu- 
tion at  25°. 

List.  HjO 

0.00 

0.999 

Orams. 

0.005 

0. 954 

32.40 

0.950 

0.571 

0.915 

51.00 

0.914 

1.839 

0. 809 

71.50 

0.873 

3.390 

0.815 

92.00 

0.825 

4.009 

0.804 

90. 00 

0.811 

4. 00() 

0.794 

99.90 

0.797 

3. 152 
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Table  No.  XXXIV. — Solubility  of  quinine  salicylate  in  aqueous  alcohol  solutions 

at  25°  C. — Continued. 

CALCUL.ATED  RESULTS. 

The  above  results  plotted  on  cross-section  paper  yielded  a curve 
from  which  the  following  figures  were  obtained: 


Per  cent  by 
weight  of 
CalROlI  in 
solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

Quinine  salicylate 
per  100  grams. 

Solvent  to 
dissolve  1 

Saturated 

solution. 

Solvent. 

gram  quinine 
salicylate. 

0.0 

0.999 

Grams. 
0. 005 

Grams. 
0. 005 

Grams. 

1,538.00 

10.0 

0.982 

O.OSO 

0.080 

1,250.00 

20.0 

0.906 

0.200 

0.200 

500. 00 

30.0 

0.  952 

0.  480 

0.  480 

207.  00 

40.0 

0.935 

1.000 

1.010 

99.00 

50.0 

0. 910 

1.700 

1.730 

57.80 

00. 0 

0.890 

2.450 

2.510 

39.80 

70.0 

0.870 

3.270 

3.380 

29.00 

80.0 

0.854 

4.200 

4.380 

22.80 

90.0 

0.832 

4.710 

4.940 

20.20 

0 92.3 

0. 820 

4. 020 

4.840 

20. 05 

100.0 

0.797 

3.150 

3. 2,50 

30.  75 

a U.  S.  Pharmacopoeia  strength. 


Solubility  of  sodium  salicylate  in  aqueous  alcohol  solutions. — The 
sodium  salicylate  which  was  used  for  the  solubility  determinations 
given  herewith  was  carefully  recrystallized  from  hot  95  per  cent  alco- 
hol and  dried  for  about  a week  in  a vacuum  desiccator  containing 
concentrated  HgSO^.  The  scaly  crystals  were  almost  white,  and  an 
analysis  by  the  pharmacopoeial  method,  modified  as  alread}^  described 
• under  sodium  benzoate,  gave  results  indicating  a purity  of  100.2  per 
cent.  Two  closely  agreeing  series  of  solubility  determinations  were 
made;  in  the  first  the  time  of  shaking  was  two  days  and  in  the  sec- 
ond five  days.  The  weighed  portions  of  the  saturated  solutions  were 
transferred  to  weighing  bottles  and  the  solvents  evaporated  at  not 
over  60°  C.  The  residues  were  dried  to  constant  weight  in  a vacuum 
desiccator  containing  concentrated  sulphuric  acid.  The  results  are 
given  in  Table  No.  XXXV  and  the  curve  is  shown  in  figure  6. 

It  will  be  noted,  as  might  be  expected,  that  alcohol  decreases  reg- 
ularly the  solubility  of  sodium  salicylate.  The  decrease  is  at  first 
very  gradual  and  then  more  raj)id,  giving  a curve  which  bows  upward 
and  shows  that  the  solubility  in  mixtures  of  alcohol  and  water  is 
greater  than  corresponds  to  a simple  additive  function  of  the  amount 
dissolved  in  each  solvent  separatel}’. 

The  values  in  the  literature  for  water  and  pharmacopoeial  alcohol 
agree  on  the  whole  fairly  well  with  the  results  here  shown. 
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Table  No.  XXXV. — Solubility  of  sodium  salicylate  in  aqueous  alcohol  solutions 

at  25°  C. 


EXPERIMENTAL  RESULTS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solu- 
tion at  25°. 

('elLOIICOO- 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
C2H5OH. 

Na  per  100 
grams  satu- 
rated solution. 

Dist.  II2O 

0.0 

1.252 

Grams. 

53. 56 

0. 980 

8.9 

Not  det. 

52. 10 

0.954 

32.4 

1. 109 

47.40 

0.915 

51.0 

1. 102 

41.93 

0.809 

71.5 

1.010 

32. 10 

0.815 

92.  0 

0. 804 

11.75 

0. 804 

90.6 

0. 828 

6. 50 

0. 794 

99.9 

0.805 

3.82 

CALCULATED  DETERMINATIONS. 


The  above  results  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  figures  were  read  or  calculated: 


Per  cent  by- 
weight  of 
C2ILOH  in 
solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

CfilLOHCOONa  per 
100  grains. 

Solvent  to 
dissolve  1 
gram  Cellv 
OnCOONa. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.250 

53.50 

115. 30 

0. 807 

10.0 

1.-235 

52. 10 

108.  70 

0.919 

20.0 

1.205 

50.  20 

100.  80 

0. 992 

30.0 

1. 176 

48.00 

92. 30 

1.083 

40.0 

1. 142 

45.50 

83. 50 

1. 198 

50.0 

1.100 

42.  20 

73.00 

1.370 

00.0 

1.000 

38. 40 

02.30 

1.004 

70.0 

1.010 

33.00 

49. 20 

2.031 

80.0 

0.957 

25. 00 

33. 30 

3.000 

90.0 

0.885 

15.00 

17.00 

5.660 

0 92.3 

0.864 

12. 00 

13.60 

7.333 

100.0 

0.805 

3. 82 

3. 98 

25. 100 

o U.  S.  Pharmacopa'ia  strength. 


Solubility  of  strontium  salicylate  in  aqueous  alcohol  solutions. — The 
averages  of  the  results  obtained  from  two  samples  of  strontium  sali- 
cylate purchased  for  the  following  solubility  determinations  were, 
respectively,  99.04  and  99.55  per  cent  (CgH40HC00)2Sr + 2H2O; 
the  analyses  being  made  according  to  the  U.  S.  Pharmacopoeia 
method,  which  involves  incineration  of  the  sam])le  after  mixing  with 
concentrated  sulphuric  acid  and  repeating  this  procedure  until  a resi- 
due of  strontium  sulphate  uncontaminated  with  unburned  carbon  is 
obtained.  The  method  yields  satisfactory  results,  but  great  care  is 
required  to  prevent  loss  by  spattering  and  to  insure  the  complete 
removal  of  all  carbon.  The  former  source  of  error  may  be  satisfac- 
torily overcome  by  placing  the  crucible  in  a hole  in  an  asbestos  board 
and  covering  with  a piece  of  ashless  filter  paper  during  the  evajiora- 
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tion  of  the  excess  of  sul])liuric  acid,  the  filter  paper  being  allowed  to 
drop  into  the  crucible  when  the  teni])erature  is  raised  to  redness. 

The  better  of  the  above-mentioned  samples  of  strontium  salicylate 
was  reciystallized  from  hot  80  to  90  })er  cent  alcohol  and  the  crystals 
dried  in  a vacuum  desiccator  over  concentrated  sulphuric  acid  for 
about  a week.  The  product  analyzed  practically  100  per  cent 
(CJI^0IIC00)2Sr  + 2H20,  showing  that  no  loss  of  water  of  crystal- 
lization had  occurred  in  drying  the  material  as  described. 

The  tubes  for  the  solubility  determinations  were  prepared  as  has 
already  been  described,  but  after  the  period  of  rotation  it  was  noticed 
that  the  solid  phase  in  the  tube  containing  the  solvent  of  99.9  per 
cent  alcoholic  strength  had  been  converted  into  an  amorphous  bulky 
white  powder.  It  therefore  appeared  that  absolute  alcohol  is  able 
to  remove  some  or  all  of  the  water  of  crystallization  of  strontium 
salicylate.  This  point  was  tested  by  preparing  a quantity  of  the 
dehydrated  salt  by  allowing  some  of  the  crystallized  material  to 
stand  in  contact  with  absolute  alcohol  until  it  had  practically  all 
been  converted  to  the  powder  form  and  then  filtering,  washing,  and 
drying.  Solubility  determinations  made  with  this  product  did  not 
differ  appreciably  from  those  obtained  for  the  crystalline  dihydrate. 
Analyses  of  it  gave  an  amount  of  strontium  sulphate  which  corre- 
sponded to  93.87  percent  (C6ll40HC00)2Sr,  99.49  per  cent  of  mono- 
hydrate or  100.85  per  cent  of  (C6H40IIC00)2Sr-|- li^H20.  These 
results  show  that  although  absolute  alcohol  changes  the  appearance 
of  the  ordinary  strontium  salicylate  very  materially  the  amount  of 
dehydration  which  it  effects  is  comparatively  small.  Under  the  high 
power  microscope  the  salicylate  powder  shows  minute  irregular 
crystals  and  no  appreciable  amount  of  amorphous  material. 

Four  series  of  solubility  determinations  were  made,  in  three  of 
which  the  crystalline  salicylate  was  used,  and  in  the  other  the  powder 
obtained  by  treating  the  crystals  with  absolute  alcohol.  The  results 
in  all  cases  were  in  satisfactory  agreement. 

Table  No.  XXXVI. — Solubility  of  strontium  salicylate  in  aqueous  ethyl  alcohol 

solutions  at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solu- 
tion at  25°. 

(C6H40HC00)2 
Sr-|-2H20  per 
100  grams  satu- 
rated solution. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
CjHoOH. 

Dist.  II jO 

0.0 

1.022 

Grams. 

5.04 

0. 980 

8.9 

1.007 

4.91 

0.954 

32.4 

0. 979 

0. 55 

0.915 

51.0 

0. 945 

8.02 

0. 809 

71.5 

0. 891 

5.80 

0.  804 

90.  0 

0.804 

1.24 

0.  794 

99.9 

0.790 

0. 44 
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Table  No.  XXXYl. Solubility  of  strontium  salicylate  in  aqueous  ethyl  alcohol 

solutions  at  25° . — Continued. 

CALCULATED  DETERMINATIONS. 


These  results  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  figures  were  read  or  calculated: 


Per  cent  by 
weight  of 
CjHiOII  in 
solvent. 

Specific 
gravity  of 
saturated 
soiution 
at  25°. 

(C6H<0HC00)2 
Sr+2H20  per  100 
grains. 

Solvent  to 
dissolve  1 
grain  of 
(CoH,OII 
COO)2Sr+ 
2H2O. 

Saturated'’ 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1. 022 

5.04 

5.31 

18.85 

10.0 

1.006 

4.  88 

5. 13 

19.49 

20.0 

0.993 

5.22 

5.51 

18. 16 

30.0 

0.982 

6.20 

6. 61 

15. 13 

•10.0 

0.  966 

7. 70 

8. 34 

11.99 

50.0 

0.948 

8. 08 

8.  79 

11.38 

60.0 

0. 923 

7. 15 

7.70 

12.98 

70.0 

0.893 

5.90 

6. 27 

15. 95 

80.0 

0.859 

4.40 

4.60 

21. 73 

90.0 

0. 824 

2. 56 

2.63 

38. 07 

o 92. 3 

0.815 

2. 02 

2.06 

48.51 

100.  0 

0.  790 

0.  44 

0. 44 

226. 20 

“ U.  S.  Pharniacopfriii  strength. 


Although  in  the  present  case  we  are  dealing  with  a salt  containing 
water  of  crystallization  and  naturally  expect  that  in  so  far  as  the  salt 
dissolves,  this  water  will  change  the  concentration  of  the  alcoholic 
solvent,  it  happens  that  this  error  is  really  not  large  enough  to  ma- 
terially affect  the  results.  If  we  consider  the  solution  in  which  the 
maximum  amount  of  salt  is  dissolved  it  is  found  that  the  amount  of 
water  arising  from  this  salt  is  less  than  1 per  cent  of  the  weight  of 
the  solvent  required  to  dissolve  this  quantity  of  the  salt.  This  sol- 
vent is  the  one  containing  approximately  50  weight  per  cent  of  alcohol, 
hence  it  is  evident  that  the  maximum  error  produced  is  less  than  one- 
half  of  1 per  cent  and  in  the  present  case  this  amount  would  not  affect 
the  position  of  the  solubility  curve  obtained. 

The  analyses  of  the  saturated  solutions  were  made  both  by  weighing 
the  evaporated  residues  which  were  dried  to  constant  weight  in  a 
vacuum  desiccator  containing  concentrated  sulphuric  acid  and  also 
by  determination  of  the  strontium  in  these  residues  by  incineration 
as  already  described.  The  two  methods  gave  satisfactory  agreement. 
The  results  which  were  obtained  have  been  compiled  in  the  first 
part  of  Table  No.  XXXVI.  The  curve  drawn  through  the  plotted 
results  gave  the  figures  shown  in  the  lower  part  of  the  table. 

The  solubility  curve  for  this  salt  which  is  shown  in  figure  6 is 
cpiite  remarkable,  and  the  cause  for  its  irregularities  can  not  be  readily 
explained.  The  solubility  at  first  decreases  slightly  and  then  ri.ses 
very  rapidly  to  a sharp  maximum  of  8.1  grams  in  100  grams  of  48 
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weight  per  cent  alcohol.  After  which  with  increasing  alcoholic 
strength  the  solubility  falls  steadily  to  0.44  gram  of  salicylate  in  100 
grams  of  absolute  alcohol. 

The  results  for  the  solubility  of  strontium  salicylate  quoted  by  the 
U.  S.  Pharmacopoeia  are  respectively  1 part  in  18  parts  of  water 


CzHg  OH  4/yi/  i5 

Fig.  6.— Curves  showing  the  solubilities  of  salicylic  acid  and  the  salicylates  in 
aqueous  alcohol  solutions  at  25°. 

Q'nd  1 part  in  66  parts  of  alcohol.  The  present  results  are,  however, 
1 part  in  18.85  and  1 part  in  48.51. 


STEARIC  ACID. 

Solubilijty  oj"  stcdvic  dc%d  m q,qucous  olcoli.ol,  solutions . — No  definite 
requirements  of  purity  of  this  acid  are  prescribed  by  the  Pharma- 
copoeia and  likewise  no  quantitative  methods  for  its  analysis.  It 
would  really  appear  that  commercial  more  or  less  impure  material 
obtained  from  the  more  solid  fats,  chiefly  tallow,  is  all  that  the  Phar- 
macopoeia demands.  It  is  clear  therefore  that  only  approximate 
solubility  values  are  .necessary  for  such  a product.  The  material 
used  for  the  present  solubility  determinations  was  purchased  as  0.  P. 
and  is  jiresuniably  the  best  that  the  market  affords.  A quantitative 
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determination  made  by  dissolving  the  weiglied  sample  in  neutralized 
alcohol  and  titrating  aliquot  portions  of  the  solution  with  standard 
alcoholic  potassium  hydroxide,  using  phenolphthaleine  as  indicator, 
gave  results  corresponding  to  102.3  per  cent  C'lyllgsC'OOH  in  the  case 
of  a sample  from  one  source  and  101.7  per  cent  with  a different  sample 
of  the  acid.  It  was  noticed  that  in  making  these  titrations  the  pres- 
ence of  water  increased  the  amount  of  alkali  required  and  therefore 
led  to  high  results.  Thus  titrations  made  in  alcoholic  solutions  con- 
taining about  50  per  cent  alcohol  might  give  results  1 per  cent  or 
more  above  that  found  with  solutions  in  which  only  relatively  very 
little  water  was  present. 

The  analytical  results  upon  these  two  samples  indicate  that  they 
were  really  not  pure  stearic  acid,  but  they  are  no  doubt  much  within 
the  very  loose  requirements  of  the  pharmacopoeia,  and  the  accompa- 
nying solubility  results  will  show  the  general  direction  and  approxi- 
mate solubility  values,  but  not  the  ahsolute  figures  for  the  purest 
stearic  acid. 

Table  No.  XXXVII. — Solubility  of  stearic  acid  in  aqueous  alcohol  solutions  at  25°. 

E X r E R I M E N T A L D E T E R M I N A T I O N S . 


Solvent. 

Specific  grav- 
ity of  satu- 
rated solu- 
tion at  25°. 

C17II3.COOH 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
CjHoOII. 

per  100  grams 
saturated 
solution. 

Dist.  HjO 

0.0 

0.999 

Orams. 

0. 034 

0.  9752 

17.0 

0.  972 

0.  035 

0.  9359 

41.7 

0.  929 

0.121 

0.  8718 

70.2 

0.  864 

0. 813 

0.  8234 

89.6 

0.  817 

3. 163 

0.  8048 

90.4 

0.803 

6.  442 

0.  7941 

99.9 

0.  795 

8. 277 

CALCULATED  RESULTS. 


The  above  figures  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  values  were  obtained: 


Per  cent  by 
weight  of 
cm.  OH 
in  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

CirHasCOOnper  100 
grams. 

Solvent  to 
dissolve  1 
gram 

CnHsiCOOH. 

Saturated 

solution. 

Solvent. 

Orams. 

Grams. 

Grams. 

0.0 

0.  999 

0.034 

0.035 

2,809.0 

20.0 

0.  967 

0.04 

0.04 

2, 500.  0 

40.0 

0.  932 

0. 10 

0. 10 

999.0 

.50.0 

0.911 

0. 18 

0. 18 

555.  0 

00.0 

0.888 

0.  40 

0.  40 

249.  0 

70.0 

0.865 

0.80 

0.81 

124.0 

80.0 

0.841 

1.63 

1.  66 

60.4 

90.0 

0.818 

3.  30 

3.41 

29.3 

92.3 

0.813 

4.  15 

4.33 

23.1 

95.0 

0.807 

5. 55 

5.88 

17.0 

100.0 

0.795 

8.30 

9.05 

11.1 
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Only  one  series  of  determinations  was  made  and  the  time  allowed 
for  saturation  was  three  days.  The  weighed  saturated  solutions  were 
transferred  to  Erlenmeyer  flasks  with  the  aid  of  (neutral)  absolute 
alcohol  and  titrated  with  standard  alcoholic  alkali.  It  was  noticed 
that  if,  after  the  titration,  water  be  added  to  the  solutions,  the  faint 
excess  of  pink  color  was  at  first  discharged  and  then  with  more  water 
it  reappeared  and  became  deeper  red  with  continued  dilution.  The 
titration  results  were  calculated  without  making  a correction  for 
the  impurity  indicated  by  the  analysis  of  the  samples.  The  results 
are  given  in  Table  No.  XXXVII  and  the  solubility  curve  shown  in 
figure  4. 

An  examination  of  the  literature  shows  the  most  divergent  values 
for  the  solubility  of  stearic  acid  in  alcohol.  This  is  probably  due  to 
a number  of  causes.  The  variation  in  the  purity  of  the  samples  is  to 
be  considered  first,  but  perhaps  the  most  serious  difficulty  is  the 
very  steep  character  of  the  curve  in  the  vicinity  of  the  ver}^  strong 
alcohol  solutions.  It  will  be  noticed  that  for  a change  of  alcoholic 
strength  of  from  only  90  to  95  per  cent  the  amount  of  acid  dissolved 
is  increased  more  than  1.7  times;  therefore  small  differences  in  the 
concentration  of  the  alcohol  used  by  different  investigators  make 
large  differences  in  the  results  found.  Although  there  are  no  available 
results  showing  the  effect  of  temperature  on  the  solubility  of  stearic 
acid,  it  is  probable  that  this  is  also  a source  of  some  of  the  differences 
in  the  reported  values. 

Solubility  of  stearic  acid  in  organic  solvents. — These  determinations 
were  made  by  agitating  an  excess  of  the  acid  with  the  several  solvents 
for  two  days.  The  saturated  solutions  were  titrated  with  standard 
alcoholic  alkali  as  already  mentioned  for  the  solubility  determina- 
tions in  aqueous  alcohol.  The  results  are  given  in  Table  No. 
XXXVIII.  It  will  be  noticed  that  stearic  acid  is  fairly  soluble 
in  all  of  the  ten  organic  solvents.  The  solubility  is  greatest  in  ether 
and  least  in  nitrobenzene. 


Table  No.  XXXVIII. — Solubility  of  stearic  acid  in  organic  solvents  at  25° . 


d25  of 
saturated 
solution. 

C17H35COOH  dissolved  per  100. 

Solvent  to 

Solvent. 

d of  solvent. 

Grams 

saturated 

solution. 

Grams 

solvent. 

C.  C. 
solvent. 

dissolve  1 
gram 

C17H36COOH. 

Acetone 

di5=0.  797 

0. 815 

Grams. 

4.  73 

Grams. 
4.  97 

Grams. 
3.  96 

Grams. 

20. 14 

Amyl  alcohol  (iso) 

d2o=0.  817 

0.  815 

9.  43 

10.41 

8.51 

9.60 

Amyl  acetate 

d2o~^* 

0.867 

11. 19 

12.60 

11.03 

7.94 

Carbon  bisulphide 

d25=  1.  259 

1.163 

19.20 

23.  76 

29.91 

4.  21 

Carbon  tetrachloride 

d25=  1.  587 

1.465 

10.25 

11.  42 

18. 13 

8.  76 

Chloroform 

d22—  !•  476 

1.332 

15.  54 

18.  40 

27. 16 

5.  44 

Ether  (abs.) 

d22=U.  VlX 

0.  744 

20.  04 

25.06 

17.  82 

3.  99 

Ethyl  acetate 

d25=0.  892 

0.895 

7.  36 

7.  95 

7.  09 

12.  59 

Nitrobenzene 

d25=  1 . 206 

1.199 

1.24 

1.26 

1.52 

79.66 

Toluene 

dr,=  0.  872 

0.865 

13.  61 

15.  75 

13.  74 

6.35 
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TANNIC  ACID. 

Attempts  to  determine  the  solubility  in  aqueous  alcohol  solutions 
of  a sample  of  tannic  acid  “ of  apparently  very  good  quality  were 
unsuccessful  on  account  of  the  impossibility  of  saturating  the  solu- 
tion with  the  acid.  So  much  of  the  sample  dissolved  in  water  and 
also  in  absolute  alcohol  that  before  an  excess  of  it  remained  undis- 
solved the  solution  had  become  so  viscous  that  it  flowed  from  one 
end  of  the  tube  to  the  other  only  with  extreme  slowness.  It  appeared 
doubtful  whether  it  would  have  been  possible  to  separate  the  satu- 
rated solution  from  the  undissolved  material  even  if  the  saturation 
point  could  have  been  reached.  Furthermore,  there  was  apparently 
no  satisfactory  method  available  for  analyzing  the  saturated  solution 
even  if  it  could  have  been  obtained.  It  was  therefore  necessary  to 
abandon  attempts  to  determine  the  solubility  of  this  acid  in  the 
manner  followed  for  the  remaining  members  of  the  series  of  pharma- 
copoeia! compounds. 

According  to  the  literature  the  solubility  in  water  is  given  all  the 
way  from  1 part  in  0.35  parts  of  water  to  1 part  in  5.0  parts,  and  the 
solubility  in  alcohol  from  1 part  in  0.23  to  1 part  in  2.0.  The  state- 
ment that  it  is  almost  insoluble  in  absolute  alcohol  occurring  in  sev- 
eral reference  books  is,  according  to  the  experiment  mentioned  above, 
certainly  open  to  question. 

TARTARIC  ACID  AND  THE  TARTRATES. 

Solubility  of  tartaric  acid  in  aqueous  alcohol  solutions. — The  sample 
useil  for  the  solubility  determination  was  analyzed  by  titration  with 
normal  alkali,  using  phenol])hthaleine  as  indicator.  The  results  cor- 
responded to  a purity  of  99.3  per  cent  C2ll2(OII)2(COOH)2.  The 
melting  point  was  found  to  be  166.1°  to  167.3°  (cor.). 

One  series  of  determinations  was  made  and  the  time  allowed  for 
saturation,  with  constant  shaking,  was  two  days.  The  saturated  solu- 
tions were  weighed  and,  after  dilution,  aliquot  portions  were  titrated 
with  normal  alkali.  The  results  are  given  in  Table  No.  XXXIX 
and  the  curve  shown  in  figure  7.  The  decrease  in  solubility  with 
increase  of  alcoholic  content  of  the  solution  is  perfectly  regular, 
but  at  no  point  is  the  sum  of  the  amounts  which  the  alcohol  and  water 
in  each  solvent  would  dissolve  independently  as  great  as  actually 
found.  The  figure  for  water  agrees  fairly  well  with  that  quoted  by 
the  pharmacopoeia,  but  with  alcohol  of  IT.  S.  Pharmacopoeia  strength 
the  difference  is  much  greater. 

A series  of  determinations  of  the  solubility  of  tartaric  acid  in  water 
at  olifferent  temperatures  publisheol  by  Leidie  ^ contains  a value  for 

a Kindly  furnished  by  Dr.  Geo.  W.  Hoover,  of  the  Drug  Laboratory,  Bureau  of 
Chemistry,  U.  S.  Department  of  Agriculture. 

b Compt.  rend.,  95,  87,  1882. 
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25°,  which  is  considerably  above  the  present  results,  viz,  147.44 
grams  acid  per  100  grams  water  instead  of  137.5.  Other  values  from 
the  principal  pharmaceutical  reference  books  for  the  temperature  15° 
also  indicate  that  Leidie’s  results  are  too  high  for  this  temperature. 
Since  he  gives  no  details  concerning  the  purity  of  the  samples 
employed  or  of  the  method  by  which  his  determinations  were  made, 
satisfactory  conclusions  in  regard  to  the  accuracy  of  his  results  can 
not  be  drawn.  It  is  probable,  however,  that  the  material  at  hand 
and  the  facilities  for  accurate  determinations  available  nearly  thirty 
years  ago  were  not  as  satisfactory  as  we  have  at  present,  and  there- 
fore his  results  should  not  be  accepted  with  the  same  confidence  that 
is  to  be  })laced  in  the  more  recent  determinations. 


Table  No.  XXXIX. — Solubility  of  tartaric  add  in  aqueous  alcohol  solutions  at  25°  C. 

EXPERIMENTAL  RESULTS. 


Solvent. 

Specific  grav’- 
ity  of 
saturated 
solution 
at  25°. 

CsH2(OH)j 

Specific  grav- 
ity at  15®. 

Per  cent  by 
weight  of 
C2H6OH. 

(COOH)2per 
100  grams  satu- 
rated solution. 

Dist.  HjO 

0.0 

1.321 

Grams. 

57.93 

0.9856 

8.9 

1.304 

56.10 

0. 9545 

32.0 

1.246 

51.40 

0. 9164 

51.0 

1.181 

46. 76 

0. 8718 

70.2 

1.091 

39.95 

0. 8190 

91.4 

0.963 

27.83 

0. 8048 

96.3 

0. 929 

24.22 

0. 7941 

99.9 

0.906 

21.67 

CALCULATED  RESULTS. 

The  above  figures  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  values  were  read  and  calculated ; 


Per  cent  by 
weight  of 
C2H6OH 
in  solvent. 

d2s  of 
saturated 
solution. 

C2H2(0H)2(C00H)2 
per  100  grams. 

Solvent  to 
dissolve 
1 gram 
C2H2(0H)2 
(C00H)2. 

Saturated 

solution. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.321 

57.9 

137.5 

0.  727 

10.0 

1.300 

56.0 

127.3 

0. 786 

20.0 

1.276 

54.1 

117.9 

0. 848 

30.0 

1.251 

52.0 

108.3 

0.923 

40.0 

1.220 

49.6 

98.4 

1.016 

50.0 

1.184 

47.0 

88.6 

1.128 

60.0 

1.142 

43.9 

78.3 

1.277 

70.0 

1.095 

40.2 

66.9 

1.495 

80.0 

1.040 

35.3 

54.6 

1.832 

90.0 

0.973 

29.0 

40.8 

2.448 

a 92. 3 

0.955 

27.2 

37.4 

2.676 

95.0 

0.  937 

25.4 

34.1 

2. 937 

100.0 

0.905 

21.6 

27.6 

3. 629 

o U.  S.  Pharmacopapia  strength. 
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Solubility  of  tartaric  acid  in  organic  solvents  at  25°. — Tlie  solubility 
in  the  several  solvents  was  deterniined  in  the  manner  already 
described,  the  dissolved  acid  bein^  estimated  by  the  titration 
method.  The  results  are  given  in  Table  No.  XL,  and  show  that, 
aside  from  amyl  alcohol  and  ether,  none  of  the  six  solvents  dissolve 
much  more  than  traces  of  the  acid.  Of  these  solvents  quantitative 
results  for  ether  alone  are  to  be  found  in  the  literature.  Bourgoin® 
found  that  100  grams  of  absolute  ether  dissolved  0.40  grams  of 
tartaric  acid  at  15°.  As  compared  with  tlie  present  value  for  25°, 
it  appears  as  though  Bourgoin’s  figure  is  somewhat  too  low;  but  this 
can  not  be  stated  positively. 


Table  No.  XL.- — Solubility  of  tartaric  acid  in  organic  solvents  at  25° . 


Solvent. 

d of  solvent. 

d»  of 
saturated 
solution. 

€2112(011)2(00011)2  per  100. 

Solvent  to 
dissolve 
1 gram 
C2H2(01I)2 
tC001I)2. 

Grams 

saturated 

solution. 

Grams 

solvent. 

C.  C. 
solvent. 

Amyl  alcohol  (iso) 

Benzene 

Carbon  tetra-chloride 

Chloroform 

Ether 

Toluene 

d2o=  0.817 
d25=0.  873 
ds5=  1.  587 
dj2=  1.  476 
ds2=  0.711 
di5=0.  872 

0.824 

0.875 

1.589 

0.715 

0.865 

Grams. 
3.383 
0.0086 
0.  0189 
Trace. 
0.6096 
Trace. 

Grams. 
3.50 
0.0086 
0.  0189 
Trace. 
0.  6134 
Trace. 

Grams. 

2.86 

0.0075 

0.030 

Trace. 

0.4361 

Trace. 

Grams. 
28.6 
11620. 0 
5289.  0 
00 

163.0 

00 

Solubility  of  antimony  potassium  tartrate  in  aqueous  alcohol  solu- 
tions.— The  sample  used  for  the  following  solubility  determinations 
was  analyzed  by  the  iodometric  method  recommended  by  the  phar- 
macopoeia. Two  grams  of  the  sample  were  dissolved  in  water  and 
diluted  to  200  cubic  centimeters,  50  cubic  centimeter  portions  of  the 
solution  to  which  25  cubic  centimeters  of  saturated  sodium  bicar- 
bonate solution  were  added  required  30.3  cubic  centimeters  0.1  N 
iodine,  therefore  indicating  a purity  of  100.6  per  cent  C2ll2(OH)2 
(COOK)(COOSbO)  + ^1X20.  The  addition  of  alcohol  to  the  solu- 
tion before  titration  with  the  iodine  did  not  affect  the  results,  show- 
ing that  the  method  is  applicable  to  the  determination  of  the  tartrate 
dissolved  in  the  alcohol  solutions  used  for  the  solubility  determinations. 

One  series  of  determinations  was  made,  the  time  allowed  for  the 
saturation  being  two  days.  The  titrations  of  the  dissolved  tartrate 
being  made,  as  above  mentioned,  for  the  sample.  The  results  are 
given  in  Table  No.  XLI  and  the  curve  shown  in  figure  7. 

« Ann.  chim.  phys.  (5),  13,  405,  1878. 

44678°— Bull.  67—10 6 
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Table  No.  XLI. — Solubility  of  antimony  potassium  tartrate  in  aqueous  alcohol  solutions 

at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific 

C2ll2(OH)s 

(COOK) 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
CjIIsOlI. 

gravity  of 
saturated 
solution 
at  25°. 

(COOSbO) 
+PI2O  per 
100  grains 
saturated 
solution. 

Dist.  II2O 

0.0 

1.052 

Grams. 

7.85 

0.  9856 

8.9 

1.011 

4.20 

0.  9752 

17.0 

0.  988 

2.  49 

0.  9628 

26.4 

0.966 

1.16 

0.  9164 

51.0 

0.911 

0.22 

0.  8718 

70.2 

0.  865 

0.06 

0.  8234 

89.  6 

0.  816 

Trace. 

0.  7941 

99.9 

0.  788 

Trace. 

CALCULATED  RESULTS. 


The  above  figures  plotted  on  cross-section  paper  gave  a ciii-ve 
from  which  tlie  following  results  were  obtained: 


Per  cent  by 
weight  of 
C2II6OII 
in  solvent. 

Specific 
gravity  of 
saturated 

C2ll2(OH)2(COOK) 
(COOSI)0)+ill20 
per  100  grams. 

Solvent 
to  dissolve 
1 gram 
02112(011)2 

solution 
at  25°. 

Saturated 

solution. 

Solvent. 

(COOK) 
(COOSbO) 
+ JII20. 

0 

1.052 

Grams. 
7.  85 

8.  52 

Grams. 
11.  74 

5 

1.025 

5.50 

5.82 

17. 18 

10 

1.  007 

3.  92 

4.08 

24.51 

20 

0.980 

1.92 

1.96 

51.09 

30 

0.  958 

0.  84 

0.  85 

118.0 

40 

0.935 

0.  38 

0.  38 

262.2 

50 

0.  913 

0.23 

0.23 

433.8 

60 

0.  890 

0. 12 

0. 12 

83Z2 

70 

0.866 

0.06 

0.06 

1665.  0 

100 

0.788 

Trace. 

Trace. 

00 

The  above  results  show  a somewhat  greater  solubility  of  the 
tartrate  in  water  than  is  quoted  by  the  U.  S.  Pharmacopoeia,  the 
respective  values  per  100  grams  of  water  being  6.45  and  8.52.  Since 
the  solubility  quoted  by  most  of  the  pharmaceutical  reference  books 
in  which  the  temperature  standard  is  15°  agrees  so  closel}^  with  the 
value  quoted  by  the  U.  S.  Pharmacopoeia,  it  would  appear  that  the 
figure  in  the  latter  book  was  taken  directly  from  the  others  without 
regard  to  the  difference  in  temperature  standards. 

Solubility  of  'potassium  bitartrate  in  aqueous  alcohol  solutions. — The 
pharmacopoeia  recommends  a quantitative  method  based  upon  the 
ignition  of  the  sample  and  titrating  the  residue  with  standard  acid 
using  methyl  orange  as  indicator.  Since,  however,  the  compound 
contains  an  available  hydrogen  ion  which  can  be  titrated  directly 
with  standard  alkali,  an  ignition  as  recommended  by  the  pharma- 
copoeia appears  altogether  unnecessary.  Furthermore,  experiments 
showed  that  decrepitation  occurred  during  the  ignition  and  low  results 
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were  apt  to  be  obtained.  An  analysis  of  the  sani])le  used  for  the  fol- 
lowing solubility  determinations  showed  a purity  of  99.3  per  cent 
C2H2(0II)2(C00II)(C00K)  by  direct  titration  witli  standard  alkali 
using  phenolphthaleine  as  indicator,  but  only  97.2  per  cent  was  found 
by  the  ignition  method;  since,  however,  decrepitation  occurred,  it 
is  easy  to  explain  the  low  result  by  the  latter  method. 

One  series  of  solubility  determinations  was  made,  the  time  of 
agitation  being  two  days.  The  weighed  saturated  solutions  were 
titrated  with  0.1  N sodium  hydroxide,  using  phenolphthaleine  as 
indicator.  On  account  of  the  comparatively  small  amounts  of  dis- 
solved tartrate  it  was  necessary  to  apply  corrections  to  the  titrations 
for  the  acidity  of  the  alcoholic  solvents.  The  actual  amount  of  the 
correction  was  of  course  very  small  and  would  be  entirely  negligible 
in  such  a case  as  tartaric  acid,  for  instance,  where  veiy  large  amounts 
are  dissolved,  but  with  potassium  bitartrate  in  the  stronger  alcoholic 
solvents  the  correction  may  amount  to  one-third  of  the  total  amount 
of  the  alkali  required.  The  results  are  given  in  Table  No.  XLIl  and 
the  curve  in  figure  7. 

Table  No.  XLII. — Solubility  of  potassiuin  bitartrate  in  aqueous  alcohol  solutions  at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of 
saturated 
solution  at 
25°. 

C2H2  (011)2 
(COOll) 
(COOK)  per 
100  grams  satu- 
rated solution. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
C2H5OH. 

Dist.  HjO 

0.0 

1.002 

Grams. 

0.649 

0. 9856 

8.9 

0.986 

0. 382 

0. 9752 

17.0 

0. 975 

0.242 

0. 9628 

26.4 

0. 961 

0.157 

0. 9164 

51.0 

0.911 

0.062 

0. 8234 

89.6 

0.816 

0.018 

0. 7941 

99.9 

0. 789 

0. 010 

CALCULATED  RESULTS. 

The  above  figures  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  results  were  obtained : 


Per  cent  by 
weight  of 
C2H5OH 
in  solvent. 

Specific 
gravity  of 
saturated 

C2H2(0H)2(C00H) 
(COOK)  per  100 
grams. 

Solvent  to 
dissolve  1 
gram  C2H2 
(0H)2 
(COOH) 
(COOK). 

solution 
at  25°. 

Saturated 

solution. 

Solvent. 

0.0 

1.002 

Grams. 
0.  649 

Grams. 

0.654 

Grams. 

153.1 

10.0 

0.985 

0. 358 

0. 359 

278.4 

20.0 

0. 970 

0.210 

0. 210 

475.2 

30.0 

0. 953 

0. 131 

0. 131 

762.3 

40.0 

0. 933 

0.087 

0.087 

1.148.0 

50.0 

0.912 

0.064 

0.064 

1,562.0 

60.0 

0.890 

0. 043 

0. 043 

2,323.  0 

80.0 

0.842 

0.023 

0.023 

4,347.0 

92.3 

0.807 

0.014 

0. 014 

7,144.0 

100.0 

0. 789 

0.010 

0. 010 

10,000.0 
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The  present  value  for  the  solubility  in  water  is  in  close  agreement 
with  the  results  of  Noyes  and  Clement,®  which  is  0.654  gram  per 
100  grams  saturated  solution,  lending  weight,  therefore,  to  the  correct- 
ness of  this  figure  and  indicating  the  probable  inaccurac}^  of  the  results 
of  Roelofsen  ^ and  Blarez.'"  The  solubilit}^  of  potassium  bitartrate 
in  aqueous  alcohol  solutions  was  also  determined  by  Roelofsen  at 
several  tem})eratures.  The  results  were  more  or  less  irregular,  how- 
ever, and  are  evidently  only  approximately  correct.  The  method  he 
used  for  obtaining  saturation  is  certainly  of  doubtful  efficacy.  Various 
amounts  of  93  weight  per  cent  alcohol  were  added  to  the  saturated 
aqueous  solution  of  the  salt  and  the  solutions  shaken  at  intervals 
during  about  six  hours  while  kept  at  the  desired  temperature.  Some 
experiments  made  by  me  with  ammonium  ioditle  by  a similar  pro- 
cedure involving  shaking  at  intervals  daily  for  several  weeks  did  not 
give  saturated  solutions  in  the  several  cases. 

The  figure  quoted  by  the  pharmacopoeia  for  the  solubility  in 
water  is  1 part  in  200,  which  is  evidently  too  low  and  was  probably 
taken  from  some  other  pharmaceutical  reference  book  in  which  the 
temperature  standard  was  15°  instead  of  25°. 

Solubility  of  'potassium  sodium  tartrate  in  aqueous  alcohol  solutions. — 
The  method  given  by  the  pharmacopoeia  for  analyzing  this  salt 
depends  upon  the  incineration  and  subsequent  titration  of  the  ash 
with  standard  hydrochloric  acid,  using  methyl  orange  as  indicator. 
This  method  applied  to  the  sample  used  for  the  following  solubilit}^ 
determinations  gave  an  average  of  99.3  per  cent  C2H2(OH)2(CO()Na) 
(COOK) -f  4II2O.  By  evaporating  the  titrated  solution  to  dryness 
and  determining  the  potassium  as  the  platinic  chloride,  14.15  per  cent 
was  found  instead  of  the  theoretical  13.86  per  cent;  the  molecular 
ratio  of  sodium  to  potassium  as  calculated  from  this  determination 
gave  Na:K  = 1:1.02.  Several  determinations  of  the  molecular  ratio 
by  calculation  from  the  weight  of  sodium  and  potassium  chloride 
obtained  by  evaporation  and  of  the  total  chlorine  in  the  mixed  chlo- 
rides by  titration  with  standard  silver  nitrate,  using  the  usual  algebraic 
formula,  gave  fairly  satisfactory  results.  In  this  determination,  as 
well  as  by  the  direct  estimation  of  the  potassium,  very  small  dilfer- 
ences  in  the  analytical  results  make  quite  large  errors  in  the  molecular 
ratio,  consequently  this  determination  is  not  of  very  great  value  in 
judging  the  quality  of  samples  of  this  salt. 

One  series  of  solubility  determinations  was  made  and  the  time 
allowed  for  saturation  was  five  days.  The  saturated  solutions  were 
weighed  and  transferred  to  weighing  bottles,  but  satisfactory  residues 

oZ.  physik.  Chem.,  13,  413,  1894. 
t>Am.  Chem.  Jour.,  16,  466,  1894. 
cCompt.  rend.,  112,  434,  1891. 
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for  weigliing  could  not  be  obtained  upon  evaporation,  and  it  was 
therefore  necessary  to  redissolve,  ignite  in  platinum  dishes,  and 
titrate  the  ash  with  standard  acid.  The  usual  precautions  for  obtain- 
ing all  of  the  alkali  in  solution  for  titration  as  described  under  sodium 
benzoate  (p.  28)  were  of  course  observed.  The  results  were  all  calcu- 
lated to  the  hydrated  salt,  since  no  change  in  the  solid  phase  was 
observed  in  any  of  the  solutions  except  those  with  81.5  and  99.9 
weight  per  cent  alcohol,  in  which  almost  inappreciable  amounts  of 
the  salt  were  dissolved.  The  results  are  given  in  Table  No.  XLIII 
and  the  curve  shown  in  figure  7. 

Table  No.  XLIII. — Solubility  of  potassium  sodium  tartrate  in  aqueous  alcohol  solu- 
tions at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

C2H2(0H)2 

(COONa) 

Specific  grav- 
ity at  15°. 

Percent  by 
weight  of 
C2H0OH. 

(COOK) 
-1-4H20  per 
100  grams 
saturated 
solution. 

DLst.  H2O 

0.0 

1.310 

Grams. 

53. 33 

0.9850 

8.9 

1.229 

43. 20 

0. 9752 

17.0 

1. 1.52 

31.49 

0. 9628 

26.4 

1.005 

17. 03 

0. 98.59 

41.7 

0. 955 

5.09 

0. 9104 

51.0 

0.922 

2.20 

0.8441 

81.5 

0.838 

0.04 

0. 7941 

99.9 

0. 789 

Trace. 

(WLCULATED  RESULTS. 

The  above  figures  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  results  were  obtained: 


Per  cent  by 
weight  of 
( .dLoii 
ill  solvent. 

Specific 
gravity  of 
saturated 
solution 
at  25°. 

C.ll2(OII)2(COONa) 
((tOOK)  + 4II2O 
per  100  grairi.s. 

Solvent 
to  dissolve 
1 gram, 
C2H2(0I1)2 
(COONa) 
(COOK) 
-t-4HoO. 

Saturated 

solution. 

Solvent. 

Oravin. 

Grams. 

Grams. 

0 

1.310 

.53. 33 

114.20 

0.875 

10 

1.210 

41.00 

71.20 

1.404 

20 

1.124 

20. 20 

3,5.  ')0 

2. 820 

30 

1.034 

13. 80 

10.  (K) 

0. 2.50 

40 

0. 901 

0.  (K) 

0. 40 

15.000 

.50 

0. 908 

2.  40 

2.  .50 

40. 700 

00 

0. 878 

0.  90 

0. 90 

110.100 

70 

0. 857 

0. 30 

0. 30 

332.  400 

80 

0. 840 

0.  Ot) 

0.00 

l,f)<i5.  (XK) 

100 

0. 789 

Trace. 

Trace. 

CO 

It  will  be  noticed  that  the  U.  S.  Pharmacopoeia  figure  for  the  solu- 
bility in  water  is  much  too  low,  evidently  having  been  taken  from 
some  other  reference  book  in  which  the  temperature  standard  is  15° 
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instead  of  25°.  A determination  at  15°  made  by  Greenish  and  Smith'* 
is  1 gram  03112(011)2  (COONa)  (COOK) + 4H2O  in  1,392  cubic  centi- 
meters H2O  or  71.84  grams  of  the  salt  per  100  grams  H2O. 


TRICHLORACETIC  ACID. 

No  quantitative  figures 
for  tlie  solubility  of  this 
acid  are  to  be  found  in 
the  literature.  The  gen- 
eral statement  that  it  is 
very  soluble  in  water 
and  alcohol  is  widely 
quoted.  The  compound 
is  in  fact  very  deliques- 
cent; a crystal  exposed 
in  the  air  quickly  absorbs 
enough  moisture  to  cause 
it  to  liquify.  It  would 
probably  be  found  one 
of  the  most  efficient  de- 
hydrating agents. 

Two  samples  which 
were  analyzed  by  titra- 
ting aliquot  portions  of 
the  aqueous  solutions  of 
weighed  amounts  were 
found  to  contain,  respectively,  97.7  and  98.6  per  cent  CCI3COOIL 
Standard  0.1  N NaOH  was  used  and  phenolphthaleine  employed 
as  indicator.  Tlie  end  point  was  very  sharp,  but  the  pink  color 
was  inclined  to  fade  on  standing.  The  sample  which  gave  the  98.6 
per  cent  results  was  from  a fresh  bottle  just  opened;  the  other  had 
been  previously  opened  and  partially  used. 

In  making  the  solubility  determinations  25  cubic  centimeter  glass 
stoppered  cylinders  were  about  half  filled  as  quickly  as  possible  with  the 
acid  and  2 to  3 cubic  centimeter  portions  of  the  solvents  which  were 
water,  32,  70.2,  and  99.9  weight  per  cent  alcohol,  added.  After  a 
short  jieriod  of  rotation  the  excess  of  solid  phase  had  disappeared  in 
the  cylinders  to  which  the  alcoholic  solvents  liad  been  added,  more  of 
the  acid  was  therefore  introduced  into  these  and  this  addition  of  acid 
repeated  from  time  to  time  without  yielding  a saturated  solution  in 
any  case  except  the  cylinder  in  which  water  alone  was  the  solvent. 
After  about  15  hours  constant  agitation  at  25°,  the  saturated  solution 
in  water  was  removed  and  after  weighing  in  the  pycnometer  the 


Fig.  7. — Curves  showing  the  solubilities  of  tartaric  acid  and 
tartrates  in  aqueous  alcohol  solutions  at  25°. 


a Pharm.  Jour.  (Loud.),  June  22,  1901. 
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amountof  the  trichloracetic  acid  deteriiiined  by  titration.  The  follow- 
ing results  were  obtained; 

Solubility  of  trichloracetic  acid  in  water  at  25° . 


Specific  gravity  of  saturated  solution  at  25° 1.  615 

Grams  CfUjCOOH  per  100  grams  saturated  solution 92.  32 

Grams  CCI3COOH  per  100  grams  water 1,  201.  00 

Grams  H2O  to  dissolve  1 gram  CCI3COOII 0.  0832 


Since  my  supply  of  trichloracetic  acid  was  nearly  exhausted  before 
either  of  the  alcoholic  solutions  was  saturated  at  25°,  I lowered  the 
temperature  of  the  bath  to  15°  and  hoped  that  an  additional  crystal 
of  trichloracetic  acid  in  each  cylinder  would  cause  the  separation  of 
the  excess  of  acid  which  might  possibly  be  present  at  the  lower  tem- 
perature. Tlie  added  crystals  dissolved,  however,  as  quickly  as 
before  and  there  was  no  further  ])ossibilitv  of  obtaining  saturated 
solutions.  Even  the  aqueous  solution  to  which  a little  more  water 
had  been  added  contained  none  of  the  undissolved  acid.  Althou<rh 
none  of  the  four  solutions  were  saturated  at  15°,  I thouglit  it  would 
nevertheless  be  of  interest  to  determine  the  quantity  of  acid  present 
in  each  and  thus  have  figures  which  would  show  that  the  actual  solu- 
bility was  not  below  the  amounts  found.  In  the  case  of  the  aqueous 
solution  the  following  residts  were  obtained: 


Specific  gravity  of  solution  (not  quite  saturated)  at  15° 1.  593 

Grams  Cri3COOII  per  100  grams  of  the  solution 87.  22 


Thus  it  is  certain  that  the  solubility  of  trichloracetic  acid  in  water 
at  15°  is  not  less  than  87.22  grams  per  100  grams  of  the  saturated 
solution. 

Now,  in  the  case  of  the  solution  made  with  trichloracetic  acid  and 
alcohol  of  99.9  weight  per  cent  the  specific  gravity  was  found  to  be 
1.508.  On  diluting  10  cubic  centimeters  of  this  solution  with  water  in 
order  to  determine  the  dissolved  acid  by  titration  of  an  aliquot  part, 
a second  liquid  layer  amounting  to  about  4 cubic  centimeters  separated. 
The  aqueous  part  having  been  diluted  to  500  cubic  centimeters  was 
found  by  titration  to  contain  8.9475  grams  CCI3COOH.  It  gave  no 
opalescence  with  silver  nitrate,  showing  that  by  whatever  reaction  the 
second  compound  had  been  formed  no  free  hydrochloric  acid  had 
been  liberated.  It  appeared  most  probable  that  the  ethyl  ester  of 
the  trichloracetic  acid  had  been  formed,  no  doubt  under  the  influ- 
ence of  the  very  great  dehydrating  power  of  the  acid.  That  the 
second  liquid  phase  was  really  the  trichloracetic  acid  ester  was 
proved  by  separating  and  determining  its  boiling  point  which  was 
found  to  be  162°  to  165°.  The  boiling  point  as  given  by  Beilstein 
is  164°.  The  lic^uid  obtained  therefore  by  attempting  to  prepare  a 
saturated  solution  of  trichloracetic  acid  in  absolute  alcohol  was 
really  a mixture  of  the  trichloracetic  acid  ethyl  ester  and  trichlor- 
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acetic  acid  containing  a little  water.  In  adding  water  to  this  mixture 
a separation  occurred  at  a certain  })oint  and  it  therefore  appeared 
of  interest  to  determine  the  amount  of  water  necessary  to  just  cause 
this  separation  and  also  the  amount  required  to  dissolve  all  of  the 
acid  out  of  the  ester  solution.  The  experiment  was  made  as  follows: 
Ten  cubic  centimeters  of  the  solution  was  transferred  to  a graduated 
cylinder  and  water  added  slowly  from  a burette.  It  was  found 
that  5.9  cubic  centimeters  of  11,0  just  produced  a faint  opalescence 
at  15°,  6.05  cubic  centimeters  gave  a milky  solution  which  showed 
no  tendency  to  separate  into  two  layers  until  7.1  cubic  centimeters 
of  H2O  had  been  added  and  then  on  standing  the  two  layers  meas- 
ured respectively  9.2  cubic  centimeters  for  the  lower  and  7.6  cubic 
centimeters  for  the  u])per.  Now,  by  adding  more  water  and  shaking, 
the  volume  of  the  lower  layer  gradually  diminished,  so  that  with  a 
total  of  8.0  cubic  centimeters  of  water  the  lower  layer  measured 
8.3  cubic  centimeters  and  with  10  cubic  centimeters  of  water  it 
became  7.2  cubic  centimeters  in  volume.  At  this  point  an  aliquot 
portion  of  the  upper  layer  was  removed  and  on  titration  it  was 
found  that  5.104  grams  of  CCI3COOII  were  present  in  the  whole  of 
the  upper  layer.  According  to  the  previous  analysis  (p.  '87)  in 
which  an  equal  volume  of  the  solution  had  been  diluted  to  500 
cubic  centimeters  the  amount  of  acid  found  was  8.9475  grams, 
therefore  in  adding  10  cubic  centimeters  instead  of  500  cubic  centi- 
meters of  water  the  removal  of  the  trichloracetic  acid  from  the 
ester  was  not  complete.  In  order  to  ascertain  how  much  additional 
water  would  be  necessary  to  dissolve  out  the  remaining  (8.9475  — 
5.104  = ) 3.8435  grams  of  acid,  the  upper  layer  was  siphoned  off 
as  completely  as  possible  from  the  7.1  cubic  centimeters  of  lower 
layer  and  successive  amounts  of  water  were  added  and  the  mixture 
shaken  after  each  addition.  It  was  found  that  with  3 cubic  centi- 
meters of  H2O  the  lower  layer  was  reduced  in  volume  to  5.4  cubic 
centimeters,  with  8 cubic  centimeters  it  became  4.6  cubic  centimeters, 
and  with  18  cubic  centimeters  it  had  become  4.0  cubic  centimeters. 
The  aqueous  layer  was  then  found  to  contain  a total  of  3.226  grams  of 
(X'lgCOOII,  or  nearly  the  calculate  amount  which  should  have  been 
recovered. 

The  two  solutions  which  had  been  prepared  with  70.2  and  32 
weight  per  cent  alcohol  respectively  were  also  titrated  with  water 
as  just  described  for  the  solution  in  which  99.9  weight  per  cent 
alcohol  had  been  used.  The  residts  were  as  follows: 

Five  cubic  centimeters  of  the  first  (the  70.2  per  cent  alcoholic 
solution,  required  7.3  cubic  centimeters  of  II2O  to  produce  opales- 
cence; when  9.0  cubic  centimeters  of  II2O  had  been  added  the  lay- 
ers separated  within  about  one-half  hour  into  1.4  cubic  centimeters 
of  lower  and  12.1  cubic  centimeters  of  upper  layer.  With  15  cubic  * 
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centimeters  of  II2O  the  volume  of  the  lower  layer  had  been  reduced 
to  1.3  cubic  centimeters  and  with  25  cubic  centimeters  of  water  it 
became  1.1  cubic  centimeters. 

Five  cubic  centimeters  of  the  second  (the  32  per  cent  alcoholic 
solution)  required  11.3  cubic  centimeters  of  HoO  to  become  opalescent, 
and  when  a total  of  20  cubic  centimeters  H2O  had  been  added  the  lower 
layer  measured  only  about  0.5  cubic  centimeter. 

These  results  show  that  the  solubility  of  trichloracetic  acid  can 
not  be  determined  in  solutions  containing  any  appreciable  amount 
of  alcohol  since  the  ester  of  the  f),cid  will  be  formed  and  therefore 
alter  the  equilibrium  of  the  system. 

It  would  no  doubt  be  of  much  interest  to  determine  the  limits 
within  which  the  ester  may  form  and  also  the  extent  to  which  the 
alcohol  is  consumed  in  the  redaction  but  such  experiments  are  hardly 
within  the  scope  of  the  present  bulletin. 


VALERATES. 

The  solubility  of  ammonium,  valerate. — No  requirements  are  made 
for  this  salt  by  the  pharmacopoeia  other  than  it  be  kept  in  well- 
stoppered  bottles.  A sample  purchased  for  solubility  determina- 
tions was  in  the  form  of  almost  colorless,  apparently  hygroscopic 
crystals  which  when  analyzed  by  distillation  of  the  ammonia  gave 
results  indicating  a composition  of  CJIs,COONIl4 -20^190001 1.  At- 
tempts to  saturate  a series  of  alcoholic  solvents  with  this  salt  were 
unsuccessful.  Since  no  particular  composition  is  required  by  the 
pharmacopoeia  for  this  compound  it  appeared  useless  to  pre])are 
samples  and  make  solubility  determinations  until  some  definite 
requirements  are  made  for  this  salt. 

Solubility  of  zinc  valerate  in  aqueous  alcohol  solutions. — No  method 
is  prescribed  by  the  pharmacopoeia  for  the  analysis  of  this  salt,  the 
determination  of  the  zinc  was  therefore  made  as  follows.  An  ali- 
quot portion  of  the  solution  of  the  weighed  sample  was  heated  to 
the  boiling  point  and  sodium  carbonate  solution  added  until  the 
precipitation  of  the  zinc  as  carbonate  was  complete.  After  diges- 
tion on  the  steam  bath  for  about  an  hour  the  precipitate  was  filtered 
on  a Gooch  crucible,  ignited,  and  weighed  <as  zinc  oxide;  the  results 
indicated  a purity  of  97.8  per  cent  Zn  (C4TT„C()0)2  + 2TI2O.  Attempts 
to  ignite  the  sample  directly  and  determine  the  zinc  by  weighing  the 
ignited  residue  gave  low  results,  indicating  that  loss  by  volatilization 
had  occurred. 

Two  series  of  solubility  determinations  were  made,  the  period  of 
constant  agitation  being  three  da3^s  in  each  case.  The  saturated 
.solutions  were  analyzed  by  precij)itation  of  the  zinc  as  carbonate  as 
above  mentioned,  and  weighing  as  zinc  oxide.  The  results  are  given 
in  Table  No.  XLIV  and  the  curve  shown  in  figure  5.  The  phar- 
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macopoeial  values  for  water  and  alcohol  are  quite  different  from 
the  above  results.  The  difference  for  alcohol  is  considerable,  the 
figure  being  less  than  half  as  great  as  that  shown  in  the  table.  Only 
a few  results  are  quoted  in  the  pharmaceutical  reference  books  and 
none  in  the  chemical  literature.  Of  the  available  ones  the  variation 
is  from  1 part  in  40  to  1 part  in  120  parts  of  water  and  from  1 j)art 
in  40  to  1 part  in  GO  of  alcohol. 

Table  No.  XUV. — Solubility  of  zinc  valerate  in  aqueous  alcohol  solutions  at  25°. 

EXPERIMENTAL  DETERMINATIONS. 


Solvent. 

Specific  grav- 
ity of 
saturated 
solution 
at  23°. 

Zn(C4ll9COO)2 
-f  2H2O  iier 
100  grams 
saturated  solu- 
tion. 

Specific  grav- 
ity at  15°. 

Per  cent  by 
weight  of 
C2U5OII. 

Dist.  II2O. 

0.0 

1.004 

Grams. 

1.437 

0. 9752 

17.0 

0.970 

0.900 

0. 9628 

26.4 

0.961 

0. 723 

0. 9359 

41.7 

0.933 

0.  809 

0.9164 

51.0 

0.914 

0. 998 

0.8441 

81.5 

0.844 

1.841 

0. 8234 

89.6 

0.827 

3. 143 

0. 8190 

91.4 

0. 826 

4.397 

0.8125 

93.0 

0.830 

7.148 

0. 8048 

9(i.  3 

0.835 

10.53 

0.7941 

99.  9 

0.844 

15.01 

The  above  figures  plotted  on  cross-section  paper  gave  a curve  from 
which  the  following  results  were  obtained: 

CALCULATED  RESULTS. 


Percent  liy 
weight  of 
C2H5OH 
in  solvent. 

Specific 
gravitj"  of 
saturated 
solution 
at  25°. 

Zn(C4LCOO)2+2H20 
per  100  grams. 

Solvent  to  dis- 
solve 1 gram . 
ZnfCdlsCOO): 
+2H2O. 

Saturated 

soiutiOn. 

Solvent. 

Grams. 

Grams. 

Grams. 

0.0 

1.004 

1.44 

1.40 

08.  40 

20.0 

0.  972 

0.75 

0.75 

132.  30 

40.0 

0. 930 

0.70 

0.70 

130.  60 

00.0 

0.894 

1. 15 

1.10 

80.00 

80.0 

0.848 

1.70 

1.73 

57.80 

85.0 

0.  830 

2. 15 

2.20 

45.50 

90.0 

0.  827 

3.  20 

3.31 

30.  30 

92.3 

0.  828 

5.50 

5.82 

17.20 

95.0 

0.  832 

8.80 

9.  05 

10.30 

100.  0 

0.  844 

15.  00 

18.48 

5.41 

Minimum  point  at  about  30  weight  per  cent  02115011 ; 0.7  grams  Zn  (C<H9C00)2+2TT20  per  100  grams 
saturated  solution. 


The  curve  is  interesting  in  that  it  shows  a well-marked  minimum 
point  at  about  30  weight  per  cent  alcohol  and  also  that  it  changes 
its  direction  so  abruptly  between  85  and  90  weight  per  cent  alcohol. 
It  is  possible  that  a transition  of  the  solid  phase  occurs  at  this  jioint 
and  there  is  really  an  intersection  of  two  curves,  but  it  did  not  appear 
advisable  to  jmrsue  this  point  further  at  the  present  time. 


91 


Table  No.  XLY —Shovring  the  solubilities  of  the  pharmacopoeial  organic  adds  and 
their  salts  in  water  and  official  {92.3  weight  per  cent)  alcohol  at  25°  as  compared  with 
the  values  quoted  by  the  eighth  revision  of  the  U.  S.  Pharmacopoeia. 


Compound  per  100  grams  solvent  at  25°. 

Compound. 

Fonuula. 

In  water. 

In  92.3  weight  per 
cent  alcohol. 

Present 

result. 

U.  S.  P. 
value. 

Present 

result. 

U.  S.  P. 
value. 

Grams. 

Grams. 

Grams. 

Grams. 

Ethyl  acetate 

CIIsCOOCilL 

8.  6 

11. 1 

00 

Lead  acetate 

(ClisCOOlU'b+SILO 

72.  5 

50.  0 

al.  1 

3.33 

Potassium  acetate 

ciLcook 

219.6 

250.  0 

43.9 

50.00 

Sodium  acetate 

CHaCOONa+SHsO 

125.  7 

100.0 

(5.  6 

4.30 

Zinc  acetate 

(CH3C00)2Zn+2Il20 

44.5 

40.0 

4.3 

2.77 

Benzoic  acid 

CoHsCOOII 

0.37 

0.  35 

56.74 

55.  50 

Ammoniiun  benzoate 

CsHsCOONm 

22.8 

9.  5 

3.  5 

3.50 

Lithium  benzoate 

CJIsCOOLi 

38.2 

33.3 

5.8 

7.7 

Sodium  benzoate 

CellsCOONa 

56.  24 

62.5 

2.04 

2.3 

Camphoric  acid 

CgIL(COOH)2 

0.76 

0.8 

104.5 

(0) 

Citric  acid 

(cii2)2Con(cooii)3+ii20 . . . 

207.  70 

185.2 

116.0 

64.5 

Bismuth  citrate 

(CH2)2COH(COO)3Bi 

0.011 

(Q 

0.07 

Bismuth  and  NIL  citrate 

V'ariable  composition . 

22.  25 

W 

50.0 

0.0 

b) 

V) 

Lithium  citrate 

(CH2)2COH(COOLi)3+4Il20.. 

74.5 

0.04 

Potassium  citrate 

(CH2)2C0H(C00K) 

181.  8 

200.  0 

0.01  + 

*) 

ff) 

Sodium  citrate 

(CH2)2COH(COONa)+5iH2d. 

92.  7 

90.9 

0.0 

Gallic  acid 

C8H2(0H)3C00H+H20 

1. 16 

1. 18 

27.23 

24.  1 

Sodium  phenolsulphonate 

C6H4(0H)S03Na+2H20 

24.  1 

20.8 

0.9 

0.77 

Zinc  phenolsulphonate 

(CoH4(OH)S03)2Zn+81l20 .... 

66.  1 

59.0 

72.  1 

59.0 

Salicylic  acid 

CgILOHCOOU 

0.  22 

0.  32 

46.  85 

50.  0 

Ammonium  salicylate 

Bismuth  subsalicylate 

CgILOHCOONH, 

CelLOHCOO-OBi 

103.2 
0.  01 

111.0 

(/) 

W 

b) 

42.  86 
0. 105 

43.  4 

Lithiimi  salicylate 

C6H40HC00Li+iIl20 

127.  3 

83.  8 

fd) 

Methyl  salicylate 

C6H4OIIC00Cn3: 

0. 1 

CO 

00 

Phenyl  salicylate 

CelLOIICOOCoHs 

0.  01  + 

0.  043 

21.51 

20.0 

Quinine  salicylate 

C6H4OHCOOHC20H24N2O2+.V 

H20. 

0.  06+ 

1.3 

4.84 

9.0 

Sodium  salicylate 

CoILOHCOONa 

115.3 

125.0 

13.6 

18.2 

Strontiiun  salicylate 

(C6ll40HC00)2Sr+2H20 

5.31 

5.5 

2.06 

1.5 

Stearic  acid 

CunasCOOH 

0.03+ 

(Q 

4.33 

6.0 

Tartaric  acid 

C2H2(0II)2(C00II)2 

137.5 

140.8 

37.4 

60.0 

Antimony  potassiimi  tartrate. . 

C2ll2(OH)2(COOK)(COOSbO) 

+iILO. 

C2ll2(OII)2(COOII)(COOK)  .. 

8.  52 

6.45 

Trace. 

(Q 

Potassiiun  bitartrate 

0.  654 

0.5 

0.014 

W 

Potassium  sodium  tartrate 

C2lT2(OII)2(COONa)(GOOK) 
-f  41120. 

114.2 

8tl.3 

Trace. 

(/) 

Trichloracetic  acid 

CCI3C0011 

1,201.0 

W 

Decomp. 

W 

Zinc  yalerate 

(C4ll9C00)2Zn+2Il20 

1.  46 

2.0 

5.  82 

2.8 

o Solid  phase  anhydrous.  « Sparingly  soluble. 

b Readily  soluble.  / Almost  insoluble. 

c Insoluble.  g Slightly  soluble, 

d Very  soluble.  A Very  sparingly. 


GENERAL  CONCLUSIONS. 

During  the  course  of  the  ])receding  investigations  many  points  of 
especial  interest  have  arisen,  and  since  it  appears  desirahle  to  empha- 
size some  of  them  more  particularly  they  are  briefly  summarized 
here  at  the  end  of  the  bulletin. 

1.  In  order  to  show  the  differences  between  the  solubility  values  as 
found  in  the  present  investigations  and  those  quoted  by  the  pharma- 
copoeia, a comparative  table.  No.  XLV,  has  been  made.  The  ])har- 
macopopial  values  in  the  table  are  in  all  cases  the  reciprocals  of  the 
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figures  c[uoted  by  the  U.  S.  Pharmaco})oeia  in  terms  of  parts  of  solvent 
to  dissolve  one  part  of  the  com]n)iind.  It  is  of  course  not  certain  just 
what  is  meant  by  “])art”  in  the  Pharmacopoeia,  whether  weight  or 
volume,  and  therefore  the  figures  can  not  be  accurately  interpreted. 
An  examination  of  the  table  shows  that  of  the  35  compounds  included 
satisfactory  agi’eement  exists  onl}^  in  the  cases  of  benzoic,  camphoric, 
gallic,  and  tartaric  acids  in  the  acpieous  solutions,  and  of  benzoic 
acid,  ammonium  benzoate,  ammonium  salicylate,  salicylic  acid,  and 
])henol  salicylate  in  tlie  alcohol  solutions.  Of  the  remaining  results 
the  differences  vary  from  about  5 to  100  per  cent. 

2.  A number  of  exjieriments  have  shown  that  with  the  class  of  com- 
pounds dealt  with  in  tlie  jnesent  bulletin  an  ajiparent  impurity  which 
in  some  c<ases  may  be  comjiaratively  large  does  not  materially  alTect 
the  solubility  results  obtained.  It  would  therefore  appear  that  in 
many  cases  solubility  determinal, ions  are  ineffectual  as  tests  for  purity. 
In  view  of  the  far  more  exjiedient  and  trustworthy  chemical  tests, 
their  value  as  tests  for  identity  is  of  imjiortance  only  in  certain 
excejitional  cases,  consequently  the  suggestion  that  has  frequently 
been  made  that  a standard  method  for  solubility  determinations  be 
included  in  the  U.  S.  Pharmacopeia  does  not  deserve  much  consider- 
ation. A brief  statement  embodying  the  essential  requirements  of 
accurate  solubility  determinations  (intended  as  jihysical  constants), 
such  as  proper  temperature  regulation,  agitation  to  complete 
saturation,  purity  of  materials  employed,  and  methods  of  anal3?'sis 
of  solutions,  would  no  doubt  be  sufficient  for  all  the  needs  of  the 
pharmacopoeia. 

3.  The  solubility  curves  shown  in  the  accompanying  plates  present 
almost  eveiy  variety  of  form,  some  descentl  or  ascend  regularl}^  with 
increase  of  alcohol,  others  show  maximum  or  minimum  points,  while 
in  one  or  two  cases  both  a maximum  and  minimum  point  are  ])resent. 
It  would  therefore  ajipear  that  in  no  case  is  it  ]iossible  to  jnedict  from 
the  solubility  of  the  substance  in  alcohol  and  water  sejiaratel}^  what  it 
will  be  in  any  mixture  of  the.se  two  solvents. 

4.  It  is  ])ointed  out  that  certain  advantages  are  to  be  gained  by 
pharmacists  in  a<lo])ting  the  })ercentage  or  unit  of  solvent  basis  for 
stating  solubility  results  in  ]ilace  of  the  antiquated  method  according 
to  which  the  amount  of  solvent  required  per  unit  of  dissolved 
substance  is  given. 

5.  Attention  is  called  to  the  fact  that  the  present  jiharmacopoeial 
jiurity  requirement  for  certain  of  the  compounds,  viz,  lead  acetate, 
zinc  acetate,  sodium  benzoate,  and  lithium  salicylate  (?  Mol.  II2O)  is 
too  rigid  in  view  of  their  unstable  charaider  or  of  difficulty  in  their 
jiurification;  whereas  in  other  cases,  viz,  ammonium  benzoate, 
phenyl  salic3'late,  sti-ontium  saliiylate,  and  trichloracetic  acid,  the 
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})resent  requirements  for  purity  might  be  raised  without  either  work- 
ing an  undue  hardship  upon  the  producer  or  increasing  tlie  cost  to  the 
consumer. 

6.  The  pharmacopoeia]  method  for  the  assay  of  many  of  the  salts 
of  the  organic  acids  depending  upon  their  incineration  and  titration 
of  the  residting  alkaline  residue  reciuires  a modilication  for  accurate 
results.  This  consists  simply  in  leaching  the  residue  after  the  first 
ignition,  igniting  the  unburned  carbon  and  adding  the  solution  of  this 
to  the  first  leachings  before  making  the  titration. 

7.  Quantitative  methods  of  analysis  or  imj)rovenients  u])on  the 
pharmacopoeial  processes  are  suggested  for  the  following  salts: 
xVmmonium  benzoate,  salicylate  and  valerate,  lead  acetate,  zinc 
acetate,  ])henolsulphonate  and  valerate,  sodium  phenolsul{)honate, 
phenyl  salicylate,  {)otassium  bitartrate,  and  ])otassiuni  and  sodium 
tartrate. 

8.  The  pharmacopoeial  statements  in  regard  to  the  reaction  of  a 
number  of  the  salts  of  the  present  series  toward  indicators  should 
be  revised. 


9.  Certain  peculiarities  in  the  solubility  behavior  were  noted  (a) 
with  citric  acid  which  shows  two  nearly  ])arallel  curves  for  the 
hydrated  and  anhydrous  forms,  (b)  with  j)otassium  citrate,  which 
belongs  to  that  class  of  compounds  which  have  the  })Ower  of  dividing 
aqueous  alcohol  solutions  into'  layers,  (c)  with  oleic  acid,  which 
presents  a striking  case  of  apparently  unstable  solubility  eciuilibi-ium 
at,  certain  concentrations,  and  finally  (d)  of  trichloracetic  acid, 
which  unites  with  alcohol  to  form  the  ester  in  alcoholic  solutions  of 
various  concentrations. 
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